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The  TTntvebsity  of  Minmbsota,  > 

MmNBAPOUB,  March  31,  1889.  f 

2b  Oie  President  of  the  Univm-aity, 

B&AB  Stfi:  I  hare  to  commaiiieate  again  an  annual  report  on 
the  progresB  of  the  geolc^cal  and  natnral  history  sarrey  of  the 
state,  beii^  the  Beventeenth  in  oonseoative  order.  Like  the  last 
two,  this  report  pertaJns  almost  exclusiTely  to  Oie  geology  of 
the  northeastern  part  of  the  state,  and  is  accompanied  by  some 
text  illnstrations. 

Beepeotfolly,  yonr  obedient  servant, 

N.  H.  WlNOHBLL, 

State  geologist  and  caratw  of  the  general  muteum. 
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REPORT. 


SUUHARY  STATEMENT  FOB  1888. 

The  work  done  in  the  season  of  1888  in  coDBeqnence  of  the 
snpplementary  aid  that  was  rendered  the  suryej  by  the  special 
appropriation  and  law  of  the  Legislatare  of  1887,  as  men- 
tioned in  the  last  report,  will  be  foand  reported  elsewhere.  The 
explorations  for  uatnral  gas  carried  on  within  the  state,  whether 
by  private  enterprise  or  by  the  aid  of  the  special  fiind,  are 
detailed,  with  some  considerations  relative  to  the  general  subject 
of  gas  in  Minnesota,  in  Bulletin  No.  5.  The  special  field-work 
which  was  directed,  under  the  same  law,  to  the  discovery  and 
definition  of  the  iron-reeonrces  of  the  northeastern  part  of  the 
state,  will  be  indnded  in  this  report.  But  the  whole  subject  in 
general  of  the  geology  of  the  iron  ores  of  Minnesota  will  find 
place  in  Bulletin  Ko.  6. 

There  were  two  parties  in  the  field  during  the  season.  One 
was  occupied,  in  the  first  part  of  the  season,  in  making  coUeo- 
tions  of  rock-samples  from  certain  typical  crystalline  forma- 
tions in  typical  localities.  This  was  under  the  direction  of  Mr. 
TTIy  S.  Grant.  At  the  same  time  some  new  6u;ts  were  observed. 
These,  with  notes  made  by  him  later  in  the  season  when  occu- 
pied more  specially  with  the  examination  of  the  iron-ore  beds, 
are  gathered  together  by  him  in  a,  formal  report  which  accompa- 
nies this. 

The  other  party  was  dcring  the  whole  season  at  work  on  the 
iron-ore  beds.  This  was  under  the  gnidoDce  of  my  son,  Mr. 
Horace  ~V.  Winchell,  whose  report  on  his  work  will  also  be 
found  accompanying  this 

The  'work  of  the  season  hf^s  added  materially  to  onr  exaet 

knowledge  of  the  geology  of  the  northeastern  part  of  the  state, 

and  particularly  to  that  of  the  nature  and  relations  of  the  iron 

ores  of  the  state.    A  general  presentation  of  this  knowledge,  in 

ToL  m.— 1. 
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a  somevhat  systematio  maoDer,  has  been  attempted  in  this 
report;  bnt  it  mast  be  admitted,  uotwithstaDding  the  time  spent 
on  the  Btady,  and  field-obaervations  that  have  been  recorded, 
there  are  still  some  important,  and  many  less  important,  qnes- 
tions  which  the  sarvey  cannot  answer.  Bat  with  a  conscioas- 
ness  that,  however  ezhanstire  the  research  might  be  made,  there 
wonld  be  qnestious  still  nnsolTed,  and  that  there  is  a  general 
wish  for  afnlland  "final"pre8entationof  the  geology  of  that  part 
of  the  state  so  for  as  present  knowledge  will  yield  it,  and  also 
feeling  that  the  time  has  been  loDg  that  the  survey  has  been 
going  on,  and  that  the  working  span  of  one  man's  life  cannot 
be  depended  on  for  indefinite  extension,  I  am  constrained  to  say 
that  we  shall  enter  now  npon  the  preparation  of  the  final  report 
covering  the  northern  part  of  the  state.  There  will  be  some 
snpplementary  examination  to  be  made,  bat  this  will  be  not  very 
cosUy,  and  can  be  execnted  while  the  preparation  of  the  report 
is  in  progress. 

Volame  II  of  the  final  report  waa  iasned  in  December,  1SS8. 
It  is  a  qnarto  of  abont  700  pages,  forty-two  plates  and  thirty- 
two  figures,  of  the  same  style  as  Vol.  I. 

A  considerable  itortion  of  Vol.  Ill  ia  also  ready,  and  the 
entire  volame  will  be  finished  at  once.  It  will  contain,  along  with 
the  paleontology  of  the  strata  discussed  in  Vols.  I  and  U,  an 
account  of  their  systematic  relations  to  the  geology  of  the  Korth- 
weat.  There  is  also,  in  readiness  for  publication,  a  volume 
devoted  to  the  birds  and  mammals  of  the  state,  prepared  by  Dr. 
P.  L.  Hatch  and  Prot  C.  L.  Herrick.  Theae  two  volumes  should 
be  published  at  once,  in  style  uniform  with  those  already 
issaed. 

The  monograph  of  Messrs.  Woodward  &  Thomas  on  the  micro- 
scopic &nna  of  the  Cretaceous,  which  has  been  in  process  of 
preparation  several  years,  has  been  completed  by  those  gentle- 
men and  has  been  transmitted  for  publication.  It  will  form  a 
chapter  in  Vol.  III.  Mr.  Ulrich'a  work  on  the  bryozoa  of  the 
Trenton  was  iotermpted  anfortnnately,  when  it  had  proceeded 
ao  &F  as  the  engraviug  of  the  plates,  eight  having  been  com- 
pleted and  delivered.  This  was  owing  to  the  exhaustion  of  the 
fund  for  publication  by  the  unexpected  cost  of  Vol.  II.  Dr.  Leo 
Leaqneieax's  report  on  the  f<fflsil  flora  of  the  Cretaceous  in  Min- 
nesota, with  the  accompanying  platea,  is  also  intended  for  Vol. 
m.  It  is  only  an  act  of  reasonable  justice  toa  scientific  author 
that  his  contributions  be  published  as  soon  aa  poeeible.    Hia 
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rights  are  not  all  satisfied  by  the  simple  payment  of  the  money 
involved  in  his  contract  to  prepare  the  report.  The  valae  of 
scientific  work,  especially  scientific  authorship,  is  not  measared 
by  the  manual  labor  Involved  in  it.  80  its  claims  are  not  satis- 
fied when  the  material  money  payment  is  made.  The  antbor 
expects,  and  he  has  a  right  to  demand,  that  his  work  shall  l>e 
published.  Wh  researches,  so  far  as  they  are  in  new  fields,  may 
be  covered  by  later  investigators  and  be  announced  before  his 
see  the  light.  This  reward  for  scientific  authorship,  while  it 
cannot  be  expressed  in  dollars  and  cents,  and  cannot  perhaps 
be  included  in  definite  terms  in  the  contract  with  the  author 
when  he  undertakes  the  work  of  any  investigation,  yet  acts  as  a 
powerful  stimulant  and  as  a  final  element  in  the  compensation 
he  reasonably  counts  upon.  He  naturally  is  backward  in  assert- 
ing it;  and  it  is  a  lamentable  ^t  that  credit  for  some  valuable 
research  and  some  discoveries  has  been  lost  to  their  authors 
because  of  the  suppression,  or  at  least  the  tardy  publication,  of 
their  reports  until  after  others  had  made  the  same  discoveries 
and  had  aunonnced  them  to  the  public  In  the  case  of  a  state 
survey  snch  delay  not  only  injures  the  individual  bat  also 
reflects  on  the  value  of  the  official  reports.  Wherever  scientific 
focts  are  first  published,  there  they  are  forever  acknowledged  and 
referred  to  by  future  authors.  If  the  state  has  incurred  the  cost 
of  an  investigation,  its  chief  value  is  lost  if  the  credit  of  its  dis- 
ooveries  cannot  be  seoared  by;  early  publication,  and  if  the  same 
focts  are  published  elsewhere. 

The  condition  of  the  museum  and  of  the  unexamined  speci- 
mens is  about  as  has  been  stated  in  some  of  the  late  reports. 
'Not  only  are  the  museum  halls  full  to  overflowing,  but  the  so- 
called  laboratories  of  the  survey  are  also  full.  It  has  become 
necessary  to  deposit  the  boxes  of  rock  samples  in  these  rooms. 
All  the  packing,  handling  and  labeling  has  been  done  heretofore 
in  these  rooms.  Becently,  owing  to  the  storage  of  a  lai^  part 
of  the  surplus  copies  of  Vols.  I  and  II  in  these  rooms,  there  has 
n<A  been  room  left  for  doing  this  work,  and  it  has  been  trans- 
ferred to  the  office,  on  the  second  floor  of  the  building. 

A  record  of  museum  accessions  is  herewith  again  reported, 
the  same  having  been  crowded  out  of  the  last  two  reports.  Its 
publication  subserves  the  doable  purpose  of  acknowledging  dona- 
tions and  of  permanence  of  a  record  easy  to  consult  in  case  of 
desire  to  find  any  specimen  in  the  museum,  or  any  information 
concerning  any  specimen  when  once  the  specimen  is  in  hand.    The 
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method  of  labeling  all  specimens  collected  has  been  found  very  safe 
and  permanent.  It  consists  of  mixing  a  solation  of  common 
shellac,  snch  as  can  be  got  of  a  drn^ist,  with  some  coloring 
material  and  oarefiilly  placing  the  Dambeisirithasmallbrnslior 
vith  a  stick,  on  the  specimens,  by  hand.  The  shellac,  being 
dissolved  in  alcohol  qaickly  hardens  by  the  evapo^tion  of  the 
alcohol,  and  embracing  the  coloring  material  in  the  hardened 
mass,  has  the  qaality  of  permanence  of  color  and  insolnbility  in 
water.  The  npper  right  hand  corner  of  the  specimen  is  nsed. 
In  case  the  natural  surfiice  is  rongh,  or  if  the  color  of  the  leUer 
to  be  attached  wonld  be  so  nearly  the  same  as  the  rock  as  to 
render  the  designation  indistinct,  the  surface  is  first  colored  over 
in  a  small  rectangular  spot  with  some  other  color  of  the  same 
kind  of  material,  and  when  hardened  the  number  is  applied  over 
it.     The  specimens  have  been  numbered  as  below. 

The  regular  mnsenm  series,  such  as  have  been  placed  on  exhi- 
bition, whether  rock-samples,  minerals  or  fossils,  have  their 
numbers  in  red,  produced  by  mixing  the  shellac  with  "vermilion 
red," 

The  series  of  K.  H.  Winchell,  mainly  crystalline  rocks,  are 
marked  blue,  produced  by  mixing  ipdigo  with  the  dissolved 
shellac. 

The  series  of  A.  Winchell,  also  crystalline,  are  marked  Mack, 
produced  by  mixing  the  shellac  with  India  Ink. 

The  samples  collected  by  H.  V.  Winchell  are  marked  pink,  a 
mixtnre  of  vermilion  red  and  white  lead  with  the  dissolved 
shellac 

The  samples  collected  and  reported  by  Mr.  IT.  3.  Grant  are 
marked  green,  made  by  mixing  the  shellac  with  paris-green. 

The  specimens  in  the  archfeological  collection  are  marked  in 
white,  mixture  of  white  lead  with  the  dissolved  shellac. 

The  list  of  museum  accessions  herewith  reported  includes  only 
those  marked  in  red.  All  others  are  listed  iu  connecdon  with 
the  respective  field  reports. 
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'n. 

BEPOBT  OF  H.  H.  WINCHELL. 

The  crygkdline  rocks  of  Minnesota.  General  report  of  progress 
made  m  the  study  of  their  Jidd  relations.  8UU&nertt  of  problems  yet 
to  be  solved, 

OOITTBNTS. 
ItUrodudim. 
1.     Work  done  by  the  Uinnewte  sntrey  on  tha  CTTstolIine  rocb. 

(a)  EarlyTiewB.    State  of  knowledgewlienthifi  investigation  was  b^nn. 

(b)  The  problems  then  untwlved. 

(c)  List  of  publications  iMued  dnce  the  MinneMb  sarvey  began. 

(d)  The  variona  annnal  reports. 

The  fliat  ammal  report,  1B72. 

The  second  nnanAl  report^  1873. 

The  sixth  atmual  report,  1877. 

The  seventh  annnal  report,  1878. 

The  eighth  annual  report,  1879. 

The  ninth  annnal  report,  1880. 

The  tenth  annual  report,  1B81. 

The  eleranth  annnal  report,  1883. 

The  thirteentii  annnal  report,  1884. 

The  Afteenth  annnal  report,  1888. 

The  sixteenth  annnal  report^  1887. 

BnUetin  No.  3,  M.  E.  Wadiworth,  1886. 
3.     Tlw  Tariona  stepe  of  progress. 

3.     The  resnlts  of  the  investigation  so  far  aa  they  appear  at  present. 
A.     Comparison  of  theM  nsnlts  with  those  reached  elsewhere, 
(a)  Agreements, 
(h)  Disagreements. 
6.    Problems  still  nnsolved. 

Introduction.  In  the  course  of  any  investigation  that  is 
extended  over  anamber  of  years,  like  that  of  the  vork  of  the  sur- 
vey on  the  crystalline  rocks  of  the  state,  it  is  necessary,  for  an 
intelligent  application  of  effort,  to  review  the  progress  made  and 
ascertain  as  nearly  as  possible  the  amount  and  kind  of  work  that 
remains.  It  is  one  of  the  characteristics  of  geological  investiga- 
tion, and  particularly  of  research  among  the  crystalliue  rocks, 
that  as  difBcnlties  disappear,  nnder  the  reflective  scratiny  of 
the  laborer,  new  problems  are  presented,  for  solntion.  In  the 
BOlntion  of  these  more  advanced  problems  the  geologist  sometimes 
forgets,  in  the  eagerness  of  his  pursuit,  that  it  is  incumbent  on 
him,  in  the  interests  of  his  own  work,  as  well  as  for  the  informa- 
tion of  others,  to  render  an  aceount  of  his  progress  and  of  his 
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BuccesB  in  Burmoantiug  the  difficulties  that  confronted  him  at  the 
outset.  Thereare  but  few  investigators,  inany  branch  of  science, 
that  have  not  made  mistakes.  They  may  hare  advanced  under 
illusive  guides  along  devious  lines,  they  may  have  retreated 
where  they  ought  to  have  advanced,  or  advanced  where  they 
should  have  retreated.  They  have  eutertaiued  partial  or  wrong 
opinions;  bat  it  is  evident  that  no  one  should  be  held  to  these 
errors  that  are  incident  to  the  process.  The  final  statement  only 
ought  to  staud  for  the  result  of  the  investigation.  This  may  coq- 
trnvene,  or  it  may  modify  or  totally  disprove  some  of  the  early 
views.  There  is  hence  a  justifiable  reluctance  on  the  part  of  au 
investigator  to  publish  his  results  till  he  is  satisfied  that  he  is 
right,  and  that  the  work  is  finished.  In  the  case  of  the  Minne- 
sota survey,  however,  like  all  surveys,  it  ought  to  be  "finished." 
That  is,  ite  work  should  be  rounded  out  with  a  so-called  comple- 
tion; for  it  is  evident  that  however  far  the  work  should  be  con- 
tinued there  would  still  remain  unsettled  questions.  It  is  not 
within  the  power  of  one  survey,  norof  one  generation,  to  exhaust 
the  possible  research  that  might  be  applied  to  the  examination 
of  the  geology  of  the  crystalline  rocks. 

For  these  reasons  it  is  thought  best  to  take  an  inventory  of  the 
survey's  work  and  results  in  the  examination  of  the  crystalline 
rocks  of  the  state.  This  will  be  preliminary  only,  and  the  ap- 
parent truth,  as  it  may  be  expressed  in  this  report,  may  appear 
different  in  the  light  of  future  discoveries,  and  the  final  report 
on  this  work  may  be  somewhat  different  from  that  which  is  here 
foreshadowed. 

1.      WORK  DONE  BT  THE  MINNEBOTA  SURTBT  ON  THE  CHY8TAL- 
LISE  EOCHB. 

The  efforts  of  the  survey  have  been  directed,  almost  wholly, 
to  the  field  relations  of  the  terranes.  It  is  evident  that  all  labo- 
ratory determinations  are  subordinate,  in  their  bearing  on  the 
general  geology,  to  the  labor  expended  in  the  field.  Tliat  which 
is  of  first  importance  is  a  knowledge  of  the  facta  as  to  superposi- 
tion, transitioQ,  and  extent  of  the  various  kinds  of  rocks  as  they 
exist,  iu  fact.  TSo  fine  mineralogical  disquisitions,  or  chemical 
deter minatious,  or  stratigraphical  suppositions,  or  historical 
reviews  of  past  speculations,  can  bear  the  weight  of  a  feather  in 
the  balance  against  the  facts  of  field  observation.  Dr.  M.  E 
Wadsworth  has  truly  said*  that  the  field  evidence  must  in  all  cases 

•  NDt«9  on  the  geolog;  of  ttis  iiOD  mai  ooppcr  dbtiioU  of  Lake  Superior,  p.  74. 
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be  the  arbiter  and  gnide  to  ttie  concloaions  of  the  microscopist 
to  his  laboratory  vork  on  crystalline  rocks,  as  to  their  ernptive 
or  aedimentary  natare.  This  supposes  that  the  facts  as  reported 
are  the  actual  facte.  It  is  true,  however,  that  from  different 
standpoints  the  same  facte  may  be  reported  di£ferently  by  differ- 
ent observers,  or  because  of  a  lack  of  capacity  or  training  in  field 
observation  on  the  part  of  one  or  the  other.*  So  far  as  the  work 
of  the  sorvey  is  concerned,  while  it  would  be  obviously  absurd 
to  assert  that  no  mistakes  of  field  observation  have  been  made, 
and  no  incorrect  inferences  hare  been  arrived  at  by  the  field  ob-  ' 
serreis,  it  is  no  more  than  the  &ct8  of  the  case  will  justify  to  say 
that  the  Minnesota  survey  has  devoted  more  time  and  accnmn- 
lated  more  exact' knowledge  regarding  the  field-relations  of  the 
crystalline  rocks  than  has  any  other  state  survey;  and  probably 
has  given  more  time  to  field  work  in  the  crystalline  rooks  of  the 
^Northwest  than  the  United  States  geological  survey.  In  some 
iostaDces  extensive  routes  of  observation  have  been  gone  over 
more  than  once  for  correction  or  verification.  These  field  obser- 
vations have  been  reported  in  whole  or  in  part,  from  time  to 
time  chronologically  in  the  reporte  of  progress,  but  tbeir  frag- 
mentary  parts  have  not  been  grouped  and  presented  systemati- 
cally so  as  to  show  the  resulte  as  they  appear  in  the  mind  of  the 
writer. 

(a)  Earfy  vieiot.  State  of  fcnotdedge  when  this  invesUgaiioti  vxa 
begun. 

When  the  Minnesota  survey  was  b^nu,  in  the  fall  of  1872, 
therehad  been  but  little  done  on  the  crystalline  rocks  of  the  North- 
vest.  In  addition  to  the  desultory  and  ofi«n  fragmentary  work 
of  the  Canadian  survey,  which  should  be  classed  rather  as  explor- 
ation and  sketch-mapping,  and  which  had  been  spread  over  the 
Canadian  shores  of  lake  Superior  as  for  as  to  Pigeon  river  by  Mr. 
Bobert  Bell,  the  only  published  information  respecting  the  older 
terranes  in  Minnesota  was  in  the  reports  of  Keating,  Allen  and 
Schoolcraft,  Shnmard,  Norwood,  Whittlesey  and  Hall,  with  some 
brief  notes  by  Bigsby,  on  the  Lake  of  the  Woods.  Donglas 
Houghton  bad  also  visited  Grand  Portage  and  some  points 
fhrther  west.  Eames  &  Hanchett  bad  also  rendered  short  re- 
porte on  some  features  of  the  northern  part  of  the  state.t  There 
had  been  published  also,  in  1871,  in  the  Zeitsc^rift  d.  Deutaahen 

iD>  on  tha  "  Eulem  SaDditoae," 
wl.  Suiref,  p.  S5E,  etieq. 
tSeeVol.  I.  floml  report,  Tdi  ■ame  iccoaiit  of  thne(iu'l7  pab^lcitlona. 
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geologisehen  QeteUachaft,  a  papor  by  Dr.  J.  Kloos  giving  some 
notes  on  Minnesota,  in  -which  important  new  observations  vere 
recorded.  It  was  two  or  tiiree  years  later,  however,  that  this 
last  paper  was  first  known  to  the  writer.*  Prof  A.  'WincheU 
and  Frot  B.  D.  Irving  had  also  made  some  observations  on  the 
geology  of  the  Northwest,  particolarly  in  Alichigan  and  Wis- 
consin. The  report  of  Foster  and  Whitney  on  the  copper  and 
iron  districts  of  the  lake  Baperior  region  makes  no  mention  of 
the  geology  of  Minnesota  farther  than  the  reported  occnrrence  of 
one  or  two  minerals  on  the  north  shore  of  lake  Superior. 

So  far  as  any  of  this  work  touches  the  geology  of  Minnesota, 
in  the  areas  of  the  crystalline  rocks,  it  may  be  divided  into  two 


1.  That  which  is  descriptive  of  the  geographic  extent  of  the 
crystalline  rocks. 

2.  That  which  by  careful  mineralogioa)  determinations  dis- 
criminates the  rock  species  from  each  other,  or  classifies  the 
formations  stratigraphically. 

In  the  former  may  be  placed  the  reports  of  Keating,  Allen, 
Schoolcraft,  Shnmard,  Eames,  Eanchett  and  Hoaghton;  in  the 
latta*  are  the  reports  of  Norwood,  Whittlesey,  HaJl  and  Kloos. 
Norwood's  report  partakes  largely  in  the  character  of  the  first 
gronp.  Whittlesey's  was  the  rcsnlt  of  observations  made  in 
company  with  Norwood,  and  embraces  abont  the  same  &cts  and 
conclnsions.  Pro£  James  Hall's  report  of  a  trip  from  St.  Panl 
to  lake  Shetekf  in  1866,  embraces  the  first  reference  of  any  of 
the  crystalline  rocks  of  the  state  to  their  supposed  stratigraphio 
equivalents  in  the  eastern  states  and  Canada.  He  distinctly 
refers  the  gneisses  at  Bedwood  Falls  to  the  Laureniian,  and  the 
qaartzytes  at  New  Ulm  and  Pipestone  to  the  BuT<m\an,  names 
which  had  been  adopted  by  the  Canadian  geologists,  though  with 
some  ambiguity  and  overlapping  of  description,  the  former  in 
1854,  §  and  the  latter  in  1857,  §  § 

•  See  tnuBilBtioa  of  tbla  In  tbetCDtb  «niul  report. 

1 1S«,  Tniu.  Am.  Fbll.  Soc.,  FblUaelpbU,  p.  sa. 

SGeoL.  BepOTl  Can.  3iif>e7. 1867,  p,  7.  The  naiuo  wu  aiedln 'SkBtch  of  thoOeologj  ">' Cmn- 
>(l(i,"prlDtediaFiencbinFBrli,  1SS5.  Tbliliembnced  In  "Caoidi  it  the  UnlTarul  HipnI. 
UonoflSSS,"  br  J.  CTmehe,!  report  printed  Ht  Toioiito,  "bjDrderof  the  LegUlntlre  Aaaa- 
bl7,"lBH.  It  TBsfintenDDunoedla  tbereport  ortbeiurie;  for  18S2-S3,  wblob,  bowever,  wu 
Dot  pabliibed  till  ISM,  at  Quebec 

"LaunntUnaj'ilsm"  ueuied  liicldeatiill;,  and  aiheadlDgi  tocbaplen;  butu  tbsaa  irer«iiot 
ftfiered  lor  poblicatlDn  b;  Ur.  Logaa  till  ICiuxb,  1S57,  the;  monot  be  conaidered  u  offidil 
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Jnst  prior  to  the  adoption  of  tlieee  terms,  expreesire  of  a  diB- 
tribatire  chronological  claesificatloD  of  the  terranea  of  the  crys- 
talline rocks,  at  least  all  those  lying  belov  the  Potsdam  sand- 
stone, Messrs.  Foster  and  Whitney*  had  employed  the  term 
Azoie,  after  Marchison  and  Verneail,t  and  had  divided  them 
mineralogically  rather  than  chronologically,  into  gneiss,  mica 
and  hornblende  slate,  chlorite,  talcose  and  argillaceous  slate, 
qaartz  and  marble.];  They  considered  them  an  indivisible  com- 
plex series,  whose  foldings  and  metamorphic  changes  rendered  a 
'  determination  of  their  original  stratigraphio  order  impossible. 
This  term,  with  its  algnificauce  as  interpreted  by  Foster  and 
Whitney,  was  adopted  by  Danain  the  first  and  second  editionsof 
his  Manual  of  Geology  (1862  and  1864),  and  by  the  Vermont 
geoli^iste  in  1862  (Oeol.  of  Yermont,  Vol.  I).  It  was  not  till 
1874  when  the  third  edition  of  this  manoal  was  issned  (by  some 
mistake  also  called  "second"  edition),  that  the  terms  nsed  by 
the  Canadian  geoli^ts  were  adopted  in  this  work.  They  are 
oontinaed  in  the  fonrth  ("third")  edition  issued  in  1879.  Dr. 
Ebenezer  Emmons  evidently  shared  the  views  of  Foster  and 
Whitney.  Aside  frotn  his  opinion  that  the  Hnronian  of  Canada 
was  only  a  synonym  of  his  Tacouic  which  he  insisted  was  not 
"Primary,"  he  divided  the  "primary"  rocks  into  two  gronps,|| 
based  on  the  varying  theoretical  ageney  of  heat  in  their  prodno* 
tion  and  present  condition,  viz.,  pyroerygtaUinedJidpj/ro-plastic, 
In  the  former,  in  the  main,  he  embraced  granite,  gneiss,  mica 
slate,  talcose  slate,  homblendle  and  hypersthene  rocks,  that  is  to 
say,  speaking  broadly,  the  acid  eraptive  rocks  and  their  accom- 
panying schists,  and  in  the  latter  he  indoded  the  most  of  the 
basic  ernptives.§ 

When  the  Minnesota  survey  began  [1872]  the  Wisconsin  sar- 
vey,  lately  completed  by  Chamberliu,  had  notyet  been in8titnted.§§ 
and  the  Michigan  survey,  revived  in  1869,  did  not  present  its 
first  final  volnme  for  publication  till  May  1,  1873.  The  writer, 
having  been  at  work  in  1870  on  the  Michigan  survey,  was,  how- 

■Proc  A.A.A.3.  lWl,p.4. 

fTha  GnlogT  at  Rusla  111  Europe,  Vol.  I,  p.  ID. 


I  Muiuilof  GmlogT,    SvcoDd  edition,  IBSO,  p.  BZ. 


roisd  Hktcb  IB,  IS7S. 
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«ver,  acqoainted  with  the  views  of  the  director,  Prof.  A.  Win- 
chell,  andof  major  T.  B.  Brooks,  thegeologisb  of  the  iron  regions, 
tOQching  the  eqniyalency  of  the  Marqaette  iron  formation  to  the 
Haronian  of  Canada,  as  snbseqaently  annoaoced  in  Yolnme  I  of 
that  report. 

The  first  volome  of  the  New  Hampshire  report  hy  Prot  C.  H. 
Hitdicock  was  issaed  in  1874,  and  that  devoted  to  the  strati- 
graphic  geology  of  the  Archsean  in  that  state  in  1877. 

(b)  The  problems,  therefore,  that  were  then  unsolved,  touching 
the  stratigraphy  of  the  Azoic  or  Arcbfean,  were  as  follows : 

1.  Conld  the  Azoic  be  divided  stratigraphically  with  any 
probable  general  applioabilit;  1 

2.  Ooald  the  terms  Haronian  and  Laarentian,  as  employed 
by  the  Canadian  geologists,  find  any  equivalents  in  the  crystal- 
line rocks  of  Minoesotat 

3.  What  relation  did  the  Haronian  bear  to  the  Cambriani 
i.    What  relation  did  the  Hnronian  bear  to  the  Taconici 

5.  What  relation  did  the  Cambrian  bear  to  the  Taconic! 

6.  What  relation  did  the  Animikie  bear  to  the  Taconic,  the 
Cambrian  and  the  Haronian  T 

Correlatively  with  these  problems  appeared  others,  although 
they  did  not  present  themselves  so  forcibly  till  some  time  later, 
viz.: 

7.  Coaldthe  rocks  classed  as  Laarentian  be  distinctly  shown  to 
be  of  older  date  than  the  HaronianT  All  of  them,  or  a  part 
of  them! 

8.  Conld  the  Laarentian  be  snbdividedt 

9.  Is  the  Laarentian  derived  from  originally  sedimentary 
rockl  or  from  primarily  eruptive  rockl 

10.  If  originally  sedimentary,  or  if  primarily  eruptive,  why 
is  it  mainly  an  "acid"  rockf 

(c)  Publications  issued  since  the  work  began. 

In  an  appendix  is  a  list  of  publications  that  have  been  issued 
since  1872,  bearing  on  the  geology  of  the  crystalline  rock,  of  the 
Korthwest,  so  far  as  the  writer  has  learned  of  them.  It  is  prob- 
ably not  complete,  bat  certainly  embraces  everything  that  has 
contributed  to  the  subject  any  important  information.  To  all  of 
these  the  writer  must  acknowledge  great  Indebtedness,  and  to 
none  greater  than  to  the  geologists  of  Michigan  and  Wisconsin, 
Maj.  T.  B.  Brooks,  Dr.  A.  Winchell,  Prof.  B.  Pnmpelly,  Dr.  C. 
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Bominger,  Prof.  C.  E.  Wright,  A.  B.  Marvine,  Prof.  E.  D. 
Irving,  Prof,  (now  President)  T.  C.  Chamberlin,  E.  T.  Sweet, 
and  to  Prof.  M.  B.  WadBworth,  now  state  geologist  of  Michigan. 

(d)  The  varioiu  annvxA  report*:  progress  from  year  to  year. 

That  there  has  been  Bome  advance  in  the  adence  of  the  crys- 
talline rocks  in  America  at  lai^e  as' well  as  in  those  of  the 
Northwest,  and  of  MinDesota  speciScaUy,  since  1872,  is  evident 
from  a  comparison  of  the  problems  unsolved  in  1872  with  those 
th^  are  presented  to  the  geologist  in  1889;  and  while  this  ad- 
vance is  mainly  doe,  of  conrse,  to  the  labor  of  the^anthors  whose 
works  are  listed  above,  some  of  the  steps  of  this  progress  may 
be  accredited  to  the  Minnesota  survey.  Some  of  these 
steps,  dne  to  a  large  extent,  or  wholly,  to  the  Minnesota 
snrvey,  it  will  be  appropriate  here  to  enamerate.  There 
may  be  still  a  difference  of  opinion  among  the  geologists 
of  the  United  States  and  Canada  as  to  what  constitutes 
a  step  of  progress,  and  as  to  who  should  be  regarded  as  its 
anthor.  Bnt  it  is  the  design  of  the  writer  to  mention  only  those 
steps  which  appear  to  his  jndgment  to  be  actual  advances, 
whether  they  appear  so  to  others  or  not,  and  in  that  he  holds  no 
one  responsible  bat  himself.  As  to  the  responsibility  and  tbe 
credit  for  these  steps,  that  is  decided,  as  in  all  similar  cases  in 
science,  by  the  dates  of  the  published  literature  that  announces 
them.  Tlie  record,  therefore,  which  will  here  be  given,  will  be 
that  of  the  pr(^ree8.  mainly,  of  the  writer's  own  mind  and  ap- 
prehension of  what  he  considers  successive  advances. 

The  fira  annual  report,  1872, 

The  first  annual  report  was  made  before  anytime  had  been 
allowed  for  examination  of  the  crystalline  rocks  of  the  state  by 
the  present  survey.  Therefore  the  only  design  was  to  express 
concisely  the  state  of  knowledge  that  then  was  available,  so  far  as 
it  bore  on  any  classification  that  might  be  accepted.  The  views 
of  Foster  and  Whitney  as  expressed  in  1851,*  grouping  the  crys- 
talline rocks  in  the  same  manner  as  Murchison  and  Yernenil,  all 
in  one  system  under  the  name  Azoic,**  were  cited  and  their  table 
of  stratification  was  quoted.  At  the  same  time  the  subdivision 
into  Laurentian  and  Haronian,  introduced  by  Logan  and  Hunt 

*R^orliinOuatOliinifOi»ial!»S^«riDrlatiddiHTitt.    Put  II,p.8.P™;..(..l.  J.&lBSl.p.* 
•■  Geol^jr  of  Ronla,  VoL  I,  p.  10.  • 
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of  tiie  Canadian  sarvey,  thongli  cootested  by  Prof.  Whitney,  was 
generally  prevalent,  and  these  terms  vere  incladed  in  the  brief 
description  then  published  of  their  extension  into  Minnesota. 

The  moat  important  qaestion,  however,  which  waa  considered 
in  the  first  report,  bearing  on  the  dasfiifioation  of  the  Laorentian 
and  Haronian,  was  that  pertaining  to  the  Potsdam  sandstone.  The 
bearing  of  this  discoBsion,  however,  apon  that  classification  was 
not  fttlly  apprehended,  as  its  application  and  significance  have 
been  bronght  to  light  in  some  of  the  later  years  of  the  snrvey. 
Drs.  Owen  and  Norwood,  as  well  as  A.  Winchell  *  considered, 
the  red  sandstonee  and  qnEwtzytea  of  Wisconsin  and  Minnesota 
as  the  conformable  downward  extension  of  the  light-colored 
sandstones  of  the  Bt.  Croix  and  Mississippi  valleys  which  they 
parallelized  with  the  Potsdam  of  New  York.  It  was  just  before 
the  commencement  of  the  Minnesota  sarvey  (Feb.,  1872,  Am. 
Joar.  Sci.,  p.  93J,  that  Prof.  B.  D.  Irving  demonstraB^oncln- 
sively  that  at  Baraboo,  Wisconsin,  there  was  a  ma)^Hpncon- 
formity  between  the  red  and  the  light- colored  sand^^^,  and 
that  tJliey  conld  not  belong  to  the  same  system.  Prof  Irving 
coincided  with  Prof.  James  HaU,**  who  had  previoosly  regarded 
the  light-colored  apper  sandstones  as  Potsdam  and  had  been 
followed  by  nearly  all  geologiata  of  America,  in  referring  the 
lower  qoari^ytes  to  the  Haronian  of  Canada. 

The  first  report  of  the  Minnesota  survey  refers  the  lower 
quartzytes  to  the  Potsdam  horizon  of  New  York  and  gives  the 
name  St.  Oroij;  to  the  overlying  light-colored  sandstones.  In  the 
light  of  all  subsequent  examinations,  both  east  and  west,  there 
has  appeared  nothing  that  has  disproved  the  correctness  of  this 
reference,  bat  on  the  other  hand  every  fact,  whether  of  pale- 
ontology or  of  stratigraphy,  which  has  been  brttught  out  since 
1872,  relating  to  this  horizon,  has  been  in  accord  with  it.  It 
must  not,  however,  be  considered  as  sufficiently  demonstrated, 
so  long  as  there  are  competent  dissentients  who  still  restrict  the 
name  Potsdam  to  the  lator  sandstones.  It  will  appear  later  in 
what  way  this  bears  on  the  classification  of  the  rocks  styled 
Azoic  by  Messrs.  Foster  and  Whitney  and  later  Archiean  by  Prof. 
J.  B.  Dana. 

•  Owen'*  report  on  Wl».,Iow»»nd  Mliin.,pp.  4B,  lST,»Qd  T»ble,p.eS4.    Am.  Jour.  Sol.  (li) 

•  •Report  of  progrsn  to  tbe  GOToinor  or  WlsoaDiin. 
■omo  portloiu  o(  MlnnteoU  from  St.  P*ul  1o  the  ireal«rD  f 
Fhlladelplila,Juiie,IS6S. 


DiqitizeabyGoOt^lc 


BTATE  OEOLOaiST.  13 

The  second  annual  report,  1S73. 

In  the  secood  report  was  ao  acooDot  of  tlie  geology  of  the 
MinneBOta  valley.  While  this  entered  into  a  Bomevrhat  detailed 
deBcription  of  the  fleld  appearances  of  uomeroas  oatoropa  of  the 
crystalline  rocks  between  New  Ulm  and  Big  Stone  lake,  there 
was  no  attempt  made  to  classify  them,  or  to  refer  them  to  any 
horizon  of  rocks  exposed  in  the  northern  part  of  the  state.  They 
were  regarded  as  a  sonthern  extension  &om  the  granites  in  the 
northern  part  of  the  state,  and  were  presamed  to  have  their 
paraUelisms  there  if  they  conld  be  referred  to  their  proper 
places.  The  red  qoartzyte  at  (or  near)  New  Ulm  is  again 
referred  to  the  age  of  the  Potsdam. 

The  aixtA  annual  report,  1877. 

The  report  contains  the  first  recorded  observations  made  by 
the  Minnesota  sarvey  on  the  crystallinerocksof  the  northeastern 
part  of  the  state.  They  were  made  at  Northern  Pacific  JnnctioD 
and  abont  Little  Falls,  on  the  Mississippi  river.  An  examina- 
tion was  also  made  of  the  granitic  rook  in  the  vicinity  of  Motley. 
These  notes  are  simply  descriptive,  without  any  effort  at  classi- 
fication. 

In  this  report  is  a  description  of  the  geology  of  Bock  and  Pipe- 
stone connties,  in  which  are  large  outcrops  of  the  same  red 
qaartzyte  as  seen  at  New  Ulm,  and  at  Baraboo,  Wisconsin.  It 
ifi  classed  as  Potsdam. 

The  seventh  annual  report,  1878. 

In  the  seventh  report  is  a  sketch  of  a  somewhat  extended  sys- 
tematic examination  of  the  mining  geology  of  the  northeastern 
part  of  the  state.  The  coast  of  lake  Superior  was  examined  from 
Dalath  to  Pigeon  point,  a  trip  was  made  overland  from  Grand 
Portage  along  the  international  boundary  to  Basawood  (or  Basl- 
menan)  lake,  thence  to  Vermilion  lake,  the  St.  Lonis  river,  across 
to  the  Mississippi  and  down  that  river  to  Little  Falls.  Some 
examination  was  also  made  of  the  coantry  between  Pigeon  point 
and  the  Bmle  river  by  ascending  some  of  the  valleys  from  the 
shore  of  lake  Superior.  Among  the  geological  resnlts  of  the  sea- 
Boa'a  field  work,  as  stfU^ed  in  the  report,  on  p.  10,  are  the  follow- 
ing jwints  which  may  be  classed  as  advances  in  classification  of 
the  crystalline  rocks  of  Che  state. 

1.   The  ^enitee,  granites  and  other  rocks  that  had  been  named 
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IjaarentiaQ  by  the  Ganadian  geologiste  graduate  conformably 
into  the  schists  and  slates  that  had  heen  named  Hnronian  by  the 
same — as  designated  and  defined  by  Mr.  Bobert  Bell.  This  is 
also  stated  by  Mr.  Bell  in  his  report  for  the  Canadian  geological 
survey,  1873,*  This  definition,  however,  of  the  Haronian  for- 
mation, as  will  appear  later  in  this  summary,  was  incorrect,  and 
the  correction  was  made  by  Mr.  A.  G.  Lawson  who  named  the 
schists  KeeuxUin  series. 

%  The  gray  quartzyte  formation,  No.  1  of  the  seventh  re- 
port, is  the  iron-ore  formation  of  the  Mesabi  range  and  gradu- 
ates conformably  into  siliceous  iron-charged  rock,  "  which  in 
some  places  furnishes  a  valuable  iron  ore  in  large  qaantities." 

3.  The  Cupriferous  formations,  later  known  as  the  Keweniau, 
or  Keweenawan,  lies  unconformablyover  several  formations,  and 
is  interstratified  with  the  beds  of  the  lateet. 

The  evidences  of  theie  conclusions  are  not  given  in  this 
report.  The  detailed  observations  have  not  yet  been  publi^ed, 
but  a  synopsis  of  them  was  published  in  connection  with  a  pre- 
liminary deecription  of  rock  samples '  collected,  in  the  ninth 
annual  report. 

The  eighth  anntud  report,  1879. 

So  far  as  the  eighth  report  records  the  work  of  1879  on  the 
crystalline  rocks,  it  embraces  the  descriptive  account  of  the  out- 
crops in  the  Minnesota  valley  by  Mr.  Warren  ITpham,  and  some 
mineralogical  notes  on  the  eruptive  ranges  of  the  lake  Superior 
region  by  Prof.  C.  W.  Hall.  The  observations  of  the  writer  in 
the  northwestern  part  of  the  state,  in  1879,  have  never  heen  pub- 
lished in  full,  bat  a  synopsis  of  them  was  published  in  connection 
with  a  preliminary  description  of  rock  samples  collected,  in  the 
tenth  annaal  report. 

In  a  preliminary  chapter  are  some  min6ral(^oal  notes  on  the 
"Cnpriferons  series  atDoluth"  (p.  22).  In  this  a  distinction  is 
drawn  between  the  labradorite  rock,  or  "gabbro,"  and  the  red 
orthoclastio  syenite  which  is  mingled  irregularly  with  it,  the 
latter  being  regarded  as  the  result  of  local  fusion  of  some  of  the 
sedimentary  strata,  probably  some  of  the  strata  of  the  Cuprif- 
erous, series.  The  whole  trap  and  Cupriferous  series  of  lake 
Superior  is  here  assigned  to  the  age  of  the  Potsdam  sandstone. 

•Report  of  progrev,  IET2-3,  p.  106. 
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The  Nmth  annuai  report,  1880. 

This  report  gives  a  preliminary  deseriptioo  of  442  roek  sam- 
plefi  collected  In  the  region  of  the  crystalline  rocks  northveet 
from  lake  Saperior,  io  1878,  with  a  ramung  brief  commentary 
on  their  field  relations.  It  contains  bat  little  attempt  at  classi- 
fication of  the  stratigraphy.  A  distinction  of  naconformity  is 
made  on  p.  82  between  the  gray  slates  and  qna'rtzytes  of  the 
soath  side  of  Ganfiint  lake  and  the  hydromicaceons  rocks  of  the 
north  side,  the  two  being  separated  by  a  conglomerate-breccia, 
and  the  more  northern  rooks  being  regarded  as  the  eqnivaleot  of 
what  the  Canadian  geologists  had  styled  Huroaian.  This  con- 
ception of  the  Canadian  Haronian  was  derived  from  Dr.  Hant's- 
baving  described  the  Huronian  as  in  the  main  a  mass  of  green- 
stones, and  Dr.  Bell's  t^port  on  the  region  westward  from  Thnn- 
der  bay  in  1872.  Observations  are  recorded  on  p.  94  indicating 
a  conformable  passage  from  what  was  then  regarded  as  Huronian 
to  the  lower  syenites,  or  Laorentian. 

The  tenth  annual  report,  1881. 

The  preliminary  description  of  rock-samples  is  cootinaed  in 
this  report,  embracing  those  collected  in  1879,  and  extending  the 
list  to  Ko.  836  inclnsive.  There  Is  also  a  i-enewed  diacnssion  of 
the  Potsdam  sandstone  and  its  western  eqnivalents,  and  a  short 
description  of  some  typical  thin  sections  of  the  rocks  of  the 
Cnpriferons,  or  Kewenawan,  in  Minnesota. 

This  report  embraces  some  attempt  at  partial  dasBiflcation, 
Btratigraphically,  of  the  crystalline  rocks.*  The  strata  that 
comprise  the  island  at  Grand  Portage  bay  are  described  in 
detail,  with  references  to  the  rock-samples  illustrating  them. 
This  isi  followed  by  a  "Generalized  section  of  the  alternating 
beds  of  the  fonnation,''  and  of  the  Animikie  (Taconic)  and  lower 
terraues  to  the  granites  and  syenites  of  the  region  north  of  Gnn- 
fllnt  lak&     It  is  as  follows: 

Qateraaxtd  teetion  at  Qrattd  Portage  and  noHhioaiJeard  to  Qwifiint  lake. 

1.  The  Faliaade  rock,  ot  the  "lediock." 

2.  Green  Bholw,  etc,  in  the  bay  eaat  of  Bed  point  (Noa.  232,  235 

and  239). 

3.  iMjvt  of  trap,  like540  (542)  seen 14  feet. 

4.  ChiJcedonic  amygdaloid  (543)  seen SO  feet. 

•sm  pp.  a,  «a,  ST,  M,  111,  ut-iw. 
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6.  F^broofl  green  trap  rtrUdng  K  aod  W.  tiirongh  the  ialaiid  and 
formijig  its  highest  parte.  In  spota  it  ia  gtobaliferona  with 
hard,  dark,  Btiong,  shot-like  pellete  about  1  inch  indiamet«r, 
{Nob.  644  and  545).....'. „    35  feet. 

6.  ETen-grained  sandrock  (546)  seen 8  feet 

7.  Tnip  bed,  finely  and  iiregolarly  Jointed,  with  nodolee  of  white 

saccharoidal  calcita  (547)  aeon 36  feet. 

8.  QnartzTte  (548)  seen 5  feet 

9.  Conglomerate  (549)  seen 16  feet. 

10.  Tbe  rock  No.  540,  forming  the  great  tisp  ooTeiing  of  the  qnart- 

zyte  hills  at  Qrand  Fortege;  seen  50  ft.;  eetlmoted 260  feet. 

11.  The  Blate  and  qnart^te  torranes  seen  in  the  hilla  at  Grand  Port- 

age, generally,  and  along  the  international  boundary  aa  far 

west  as  the  west  end  of  Onnfiint  lake,  estimated „  400  feet 

12.  Jasper  and  iron-ore  beds  of  the  Mesabi,  and  Bontbeaat  of  Vermil- 

ion lake. 

13.  The  micaceoQB  and  chlorilie  schiata  and  slates  of  Vermilion  lake 

and  the  dalles  of  the  Bt  Lonia  iiYer. 

14.  The   mica  schisls,  granites  and  ayeuites  of  the  region  north  of 

Gnndint  lake. 
This  takes  no  acooont  of  the  great  labradorite  range,  which  in  some  places 
fttrma  the  Mesabi,  noi  of  the  iian.«re  deposits  of  Mayhew  lake,  because  these 
are  apparently  inclnded  in  the  rock  Nos.  258  and  540,  or  in  an  immense  outflow 
of  molten  matter  at  a  datesomewhat  earlier  (V.  No.  695  and  SIS).  Nor  does  it 
mention  the  conglomerate  at  Ogishke  Hnncie  lake,  becanae  that  is  apparently  an 
incident  of  the  slaty  and  taloose  beds  Inclnded  in  sab-No,  13;  nor  tbe  red 
granite  of  the  region  of  Bruld  ML,  becanse  they  are  probably  a  modified  con- 
dition of  the  Pidisade  rock. 

Bespecting  the  parallels  of  the  qnartzyte  strata  composing  a 
part  of  Isle  Boyal,  so  &r  as  found  in  Minnesota,  the  following 
statement  is  found  on  page  4.9. 

Ite  dip,  oolor  and  bedding  recall  the  red  qoaitzyte  in  S.  W.  Minnesota,  but 
it  is  rather  less  siliceons  than  that.  In  the  same  manner,  however,  it  overllea 
a  eoaiae  pebbly  oonglomeiste,  which  in  the  same  way  indicat«s  ite  relation  tn 
the  red  qoartsyte  of  Grand  Portage  ialimd  and  of  Pigeon  Point  peninsula 
(No.  290),  as  well  as  to  tbe  saadrock  and  shales  of  Fond  dn  Lac. 

Kot  at  that  time  having  realized  the  &cti  of  the  existence  of 
tvo  hematite  iron-ore  horizons,  in  two  separate  and  auconform- 
able  formations,  there  are  some  intimations  of  the  confusion  of 
stratigraphic  interpretations  which  the  writer  discovered  when 
the  effort  at  general  daasification  was  andertaken.  Thos,  on 
page  94, — 

The  "  Gnnflint  beds  "  (i.e.,  the  jasperoid  beds)  sonth  of  Gnnflint  lake  (see  after 
No.  747)  have  been  associated  with  the  elates  and  quaitzytes  of  tbe  oreriying 
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fonnAtJon  (i.  e.,  the  Animike)  rather  Uuiu  with  the  talcose,  Blat;  beds  nnder- 
Ijiug  (see  436),  but  obaerrfitionB  abont  Town  Line  and  Ogishke  Mnucie  l&kw 
eeem  to  indicate  that  they  are  hen  a  part  of  a  ecbistoee,  alaty  Tonnation, 
highly  inclined,  which  betongs  to  the  Haroniaii  (i.  e.,  aHthaHnronian  bad  been 
described   in  the  n^on)  piiaaing  into  the  great  conglomeiBte  ol'  Ogishke  Mnn- 


At  the  same  time  the  conglomerate  aboat  Ogishke  MuDcie 
lake  was  regarded  aa  a  single  formation,  and,  while  in  all  de- 
scriptions and  sections  that  had  been  given,  it  had,  as  a  totality, 
been  grouped  as  a  part  of  a  terrace  separate  from  the  Animike, 
yet  there  were  stated  to  be  some  considerations  that  seem  to 
reqoire  it  to  be  considered  a  part  of  the  Animike  (p.  95);  and 
that  the  horizontal  slates  (the  Animike)  as  a  whole  may  also 
pass  into  the  tilted  slates  as  a  whole.  It  will  only  be  necessary 
to  state  that  this  latter  idea  was  one  of  the  errors  that  are 
inseparable  from  the  progress  of  any  snch  investigation.  It  was 
recorded  atthetime  as  expressive  ofthest^eof  interpretation  of 
the  facts  that  had  then  been  reached.  Yet  it  was  not  wholly 
erroneous.  The  facts  appealed  to,  coaflicting  as  they  appeared 
then,  are  focts  still,  and  they  go  with  nnmerons  other  observa- 
tions to  force  the  abandonment  of  the  idea  that  the  Animike  is 
convertible  into  the  "talcose"  or  sericitic  slates  and  schists  of 
the  r^on  forther  west,  althongh  they  do  become  highly  tilted. 
The  former  idea,  however,  when  separated  from  the  latter,  and 
sapplemented  by  fnrther  statement  in  harmony  with  a  wider  field 
of  observation,  has  stood  the  test  of  all  the  study  and  observa- 
tioD  that  have  been  devoted  to  this  point,  and  may  be  consid- 
ered as  a  step  of  progress,  viz.,  The  formation  of  horizontal 
slates  of  the  vicinity  of  Ganflint  lake  and  the  international 
boundary  is  the  same  as  the  highly  tilted  slate  and  qnartzyte 
formation  that  passes  into  the  slt^y  conglomerate  of  the  region 
of  Ogishke  Mancie  lake.* 

In  regard  to  the  epoch  of  the  great  outflow  of  the  lab- 
radorite  rock,  the  "gabbro,'*  some  general  statements  are  given 
OQ  p^es  112  and  113,  based  on  observations  at  Beaver  Bay. 
which  show  that  this  rock  preceded  the  advent  of  the  bulk  of 
the  eraptire  traps  of  the  Capriferons.  The  conclusions  are  in 
tbeee  words: 

•  ProT.  Irrlng  mad  the  WIbccdiIh  nd  Hlcfalgun  geologlita,  u  well  u  mil  Ihe  CuadUo  gwlo- 
l^i  except  Dr.  A.  C  Lhwiod,  »  br  m  known,  rqjird  then  horiiont*!  tlilM  when  broken  and 
lUtad  and  tb«  tUt«d  wblrti  u  both  Included  In  Ihe  HDionlta ;  ind  Prof.  Irrlng  bM  nlbmd  to 
tkli  bjpMbatEo*!  MnTerdan  of  ana  lo  the  otbu  Id  lupportof  that  rlew.  (Coppar-bvuing  rock* 
«f  take  Superior,  Hon.  v.,  U- B.  OeoL  Sut.,  p.  U3.) 

ToL  in.— 3.  , 
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(1}  The  Grettt  Paliaadea  axe  of  a  rock,  the  eqaiTHleal,  geologically,  of  the- 
alaty  qaaxtxjta  (Noa.  127  aad  628)  at  Beaver  Bay,  and  below  Uiat  point;  and 
to  the  red  syenite  of  the  islwda  below  Beaver  Bay,  and  of  the  weat  blaff  of 
Beavei  bay ;  and  to  the  red  {often  qoartzIeaB)  rock  associated  with  the  gabbro 
at  Dalnth.  These  beds  also  oonstitate  the  red  blnfEs  at  Tischer*s  near  Dolath, 
and  New  London,  as  well  at  the  red  rocks  at  Baptism  river  and  the  East  Pali- 

(2)  The  feldspar  masses  are  of  the  mne  rock  (geologically)  as  the  Ric» 
Point  gabbro,  and  both  ore  the  resalt  of  copious,  and  perhaps  one  of  the  earli. 
eat,  igneons  oatQows  of  the  Capriferotia.  *  <>  *  The  late  oatflons  derived 
ftagmentB  from  the  "clinker  fields"  and  from  the  knoba  of  feldspar  already 
formed,  as  they  paaaed  along;  and  when  these  bad  been  covered  by  later  sedi- 
mentatioii  sach  tadimentary  beds  wero  also  Involved  in  the  later  npbeavala  and 
ftisions. 

The  "slaty  qaartzyte"  here  meotaoned  as  the  probable  eqaiv- 
alent  of  the  Palisade  rook,  is  a  firm,  pttrplish  felsyte  contaiaing- 
some  angular  qnartz  grains. 

In  the  discossioD  of  the  qaestlon — what  are  the  western  eqoiv- 
alents  of  the  Potsdam  sandstone — the  tenth  annaal  report 
records  some  departoree  from  the  ooaclosions  of  the  Wisconsin 
geologists,  and  reverts  to  the  opinions  expressed  In  the  first 
annnal  report,  to  the  effect  that  the  Potsdam  saadstone  of  New- 
York  is  not  found  at  all  in  the  blafb  of  the  Misaiesippi  river,, 
but  that  it  is  more  likely  to  be  represented  by  the  red  sandstone 
and  shales  that  constitnte,  with  the  associated  eruptive  rocks- 
and  conglomerates,  the  Capriferoos  or  Kewenawan  formation  of 
lake  Saperior.  It  mainCainB  that  the  Taconic  system  was  estab- 
lished correctly  by  Dr.  Emmons,  and  that  it  is  repeated  in  the 
Animlke  of  Thnnder  bay,  as  well  as  in  the  Georgia  group  of 
Vermont.  This  last  is  an  important  step  of  progress,  in  the 
opinion  of  the  writer,  and  one  that  no  later  discoveries  have 
tended  to  invalidate.  This  conclnsion  was  reached  by  a  com- 
parison of  the  described  stratigraphy  and  the  paleontology  of 
the  formations  involved  in  the  east,  with  those  of  the  west. 
The  Potsdam  sandstone,  or  qnartzyte,  in  both  places  lies  proba- 
bly nnconformably  over  the  Taconic. 

The  Seventh  (mnual  report,  1882, 
While  containing  some  matter  relating  to  the  mineralogy  and 
lithology  of  the  state,  also  embraces  a  table  of  the  systematic- 
geology  of  the  crystalline  rocks.     This  represents  the  "Hnro- 
nian"  as  extending  from  the  Potsdam  formation  throngh  thfr 
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Tacooic,  also  embraciiig  the  formadon  since  named  Keevatin  by 
Dr.  A.  C.  LawsoD,  and  tlie  mioa  Bchista  since  named  (in  the  re- 
port for  1886)  Vermilion  group*  by  this  survey.  The  black  slates 
and  the  qnartzytes  of  the  Auimike  and  the  Ogishke  Conglom- 
erate are  made  the  equivalent  of  some  of  the  Taoonic.  This 
inclndes  gJso  the  iron-bearing  rocks  of  the  Mesabi  range  and  Yer- 
miliOQ  lake,  the  "Gunfllnt"  beds  and  the  slatee  and  qnartzytes 
at  Thomson.  The  magnesian  sericitic  schists  of  the  region  of 
Vermilion  lake  and  nortih  of  Gnuflint  lake,  while  placed  belov 
the  Taconic  and  above  the  mica  schists  (which  are  styled  "Mon- 
talbanl")  are  doabtfally  supposed  to  represent  the  true  Haro- 
nian. 

Prof.  A.  H.  Chester,  in  this  report,  parallelizes  the  iron  dis- 
tricts of  Minnesota,  i.  e.,  the  Mesabi  and  the  Vermilion  ranges, 
both  iritb  the  "Hnronian,"  and  speoially  dirells  on  the  resem- 
blance of  the  Mesabi  iron-bearing  rocks  to  those  of  the  Penokee 
range  in  Wisconsin.  He  also  calls  special  attention  to  the  close 
geological  similarity  between  the  Vermilion  Iron  deposits  and 
those  of  Marqnette. 

The  thirteenth  annual  r^ort,  1883. 

Id  this  report  is  found  the  first  statement  that  indicates  the 
necesaily  of  separating  the  Vermilion  ore  horizon  from  the 
Mesabi  ore  horizon.  See  pp.  24,  37.  It  is  here  assigned  to 
the  formation  of  "Hnronian  conglomerates  and  greenstones" 
(see  Fig.  6,  p.  22),  the  same  that  in  the  eleventh  report  was 
described  (p.  170)  as  "magnesian,  greenish,- soft  schists,  becoming 
syenitic  and  porphyritic;  seen  on  the  north  side  of  Gnnflint 
lake,  along  the  international  boundary  at  Basswood  l^e,  and  at 
Vermilion  lake,"  the  formation  of  graywackes  and  sericitic 
schists  which  has  since  been  designated  Keewatin,  the  same  that 
in  the  ninth  report  was  said  to  be  nnconformably  under  the 
Auimike  at  Gnnflint  lake. 

This  report  also  describes  primordial  fossils  from  the  red 
qnartzyte  of  soathweetern  Minnesota,  the  same  that  Prof.  James 
HaU  had  classed  as  Hnronian,  and  that  had  been  also  regarded 
Hnronian  by  the  Wisconsin  geologists.  These  fossils  are  Lin- 
ffuia  calumet  and  FOradoxidet  barberi,  and  the  beds  containing 
them  are  supposed  to  be  represented  in  the  lake  Superior  region 
by  the  red  qnartzyte  at  the  head  of  Wanswangoning  bay  and  on 
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PigeoD  point,  vbidi  in  the  teoth  rejiort  was  supposed  to  be 
extended  to  Isle  Royal. 

ThefifUenih  annval  report,  1886. 

A  large  amoant  of  field-work  was  done  in  1886.  It  added 
mnch  to  the  evidences  of  the  correctness  of  the  general  paral- 
lelisms that  had  been  gradnally  wrought  out  by  the  survey. 
It  also  introduced  some  new  problems,  and  showed  the  necessity 
of  instituting  some  subordinate  divisions  in  the  formations  that 
had  been  spoken  of  in  other  reports.  It  also  showed  the  neces- 
sity of  abandoning  some  of  the  hypothetical  parallellzations  that 
had  been  entertained. 

In  respect  to  the  gabbro  formation,  the  Mesabi  overflow,  it  was 
found  to  be  indistinctly  separable  from  another,  and  earlier,  erup  - 
tive  rock  which  constitutes  a  prime  feature  in  the  topography, 
and  which  occupies  a  wide  belt  of  country  ranuing  along  north  of 
the  gabbro  area,  its  line  of  direction  being  rudely  parallel  with 
the  north  limit  of  the  gabbro.  A  general  representation  of  the 
geographic  areas  of  the  various  formations  was  attempted  on  a 
colored  geological  map  of  the  northeastern  part  of  the  state. 
The  gabbro  was  found  to  have  extended  so  far  north  as  to  have 
oovei-ed  from  sight  the  line  of  strike  of  the  Animike  (p.  381) 
and  to  have  come  into  contact  with  the  older  syenite  (pp. 
347-49).  It  was  intimated  that  the  Animike  formation 
overlay  one  eruptive  rock  and  underlay  the  other,  and  that 
it  seemed  to  embrace  the  Ogishke  Muucie  conglomerate  in  its 
lower  portion  (p.  381).  The  entire  eruptive  rock  was  found  to 
be  in  some  places  a  remarkable  agglomerate,  and  in  variooB  ways 
to  become  changed  to  greenish  sdiists,  ehloritic  and  sdticitic, 
and  to  embrace  in  ita  mass,  generally  in  a  manner  of  unconform- 
ity, the  jaspilyte  and  iron-ore  of  the  Vermilion  lake  region.  At 
the  same  time  this  green  rock  exhibited  at  times  very  mani- 
festly some  signs  of  aqueous  stratification ;  at  other  times  no  such 
structure  could  he  found  in  it,  and  it  merged  into  a  dense,  homo-  * 
geneons,  massive  doleiyte.  The  graywackes  which  are  in  this 
greenstone  formation,  &de  out  by  merging  into  Its  evidently 
eruptive  condition,  bat  in  many  places  are  pnrely  sedimentary, 
having  much  quartz  as  rounded  grains  and  pebbles,  arranged  in 
sedimentary  layers. 

The  mica-schist  belt  which  was  shown  to  be  stratigraphically 
below  the  graywacke-greenstone  horizon  was  named  VermiUon 
group,  or  series.    It  was  said  to  merge  into  the  gneisses  below 
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Hometlmes  conformably  and  at  others  to  be  anited  irith  them 
through  a  series  of  mntoally  intersectiiig  dikes,  the  gneissic  rock 
penetratinj;  the  sohists,  Id  their  original  ooadition  probably 
of  a  basic  eraptire,  aod  the  latter  also  cntting  the  coDtignooB 
gDeiBsie  masses.  These  rocks  are  both  also  cot  by  basic  dikes  of 
later  origin  (pp.  290-296). 

The  lowest  rock  seen  was  described  as  gDeiasj  bot  at  the  same 
time  the  gneissic  stmcture  was  foand  to  not  always  prevail.  This 
lowest  rock,  whicli  was  accepted  as  Laurentian,  is  not  only  some- 
times maaaivei  bnt  it  is  either  granite  or  syenite,  i.  e.  the  dark 
mineral  is  sometimes  mica  and  sometimes  hornblende,  or  both  at 
the  same  time. 

The  granites  and  syenites  were  not  all  pat  into  the  same 
strstigraphic  horizon.  The  "fandameotal  gneiss,"  which  maQ- 
ifestly  lay  below  the  mica-schiet  horizon,  occupies  a  distinctly 
marked,  stratigraphic  place.  Such  is  that  seen  at  the  northwest 
end  of  Vermilion  lake.  Not  to  mention  the  red  syenite  which  is 
intimately  associated  with  the  gabbro,  and  is  certainly  of  thesame 
date,  in  its  present  condition,  as  the  gabbro,  a  further  distinction 
was  introduced  by  which  t,he  rock  of  the  Giant's  range,  where  the 
range  consists  of  a  narrow  and  abrupt  ridge  of  granite  rock,  is 
separated  from  the  age  of  the  Laarentian,  and  is  shown  to  be  the 
lesnlt  of  local  change  in  some  bedded  sediments  probably  later 
than  the  Laarentian  —  a  change  that,  beginning  with  a  partial 
crystallization  of  the  beds  tn  ^u  by  which  fine  grained,  red- 
weathering  syenite,  not  distinctly  individualized  as  to  its  min- 
eral constituents,  was  produced,  and  continued,  under  the  action 
of  the  same  dynamic  forces,  whatever  they  are,  till  a  perfect 
fbsion  and  sabseqaent  eztrnsion  and  re '  crystallization  of  the  same 
matter  were  enacted.  This  was  discussed  and  roughly  illus- 
trated on  pp.  347  and  349.  Some  of  the  distinct  observations  are 
recorded  on  pp.  362  and  363.  The  caose  of  this  Aision  of  the  sedi  - 
mentoriea  was  sapposed  to  be  the  great  eruptive  epoch  of  the 
gabbro;  and  this  red  syenite  is  made  the  parallel  of  the  "  red 
rock"  of  the  .earlier  reports,  the  red  quartz  porphyry  and  the 
"palisade  rook  "  of  the  lake  Superior  shore.  The  gabbro  is  not 
present,  however,  in  all  places  where  this  fusion  has  resnlted  in 
extmsion  of  the  add  molten  rock,  although  it  is  nearly  adjacent, 
or  actaally  overlies  the  add  rock  in  maay  places.  In  the  report 
this  change  in  the  ancient  sediments  is  attributed  to  the  contact 
of  the  molten  gabbro  on  them,  but  there  may  be  and  probably 
are^  many  places  where  the  eztmded  acid  rock  came  from  some 
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greater  depth,  thoagh  yet  -within  the  snper-nnst,  and  its  fttdon 
and  extrasioQ  may  not  be  attribnted  to  immedii^  effect  of  con- 
tacting gabbro,  bat  mnBt  be  SQpposed  to  be  only  a  part  of  a  wide- 
spread and  deep-seated  metamorphlc  action  that  affeoted  the 
region  and  colminated  in  extruded  molten  rock  only  along  those 
linee  where  the  dynamic  action  was  most  intense.  Such  a  line  of 
intense  activity  seems  to  be  marked  by  the  location  of  the  nar- 
row ridge  knoTD  as  the  Giant's  range,  at  least  south  and  south- 
westward  from  Birch  lake. 

The  ais^eenth  report,  18S7. 

The  results  of  systematic  stratigraphy  contained  in  the  six- 
teenth report,  while  varying  somewhat  from  those  of  the  fifteenth, 
in  the  main  are  concordant  therewith.  They  were  drawn  from 
a  special  reconnoissance  of  the  region  of  the  typical  Huro- 
nian,  north  of  lake  Huron,  and  a  comparison  of  the  results  of 
that  reconnoissance  with  a  re-examination  of  the  so-called  Haro- 
nian  of  the  Marquette  and  Gogebic  iron  regions  of  Michigan, 
united  with  previous  knowledge  of  the  r^ion  of  northeastern 
Minnesota.  In  some  of  these  resnlts  my  brother  and  myself  are 
not  quite  in  concord,  bat  these  differences  appertain  solely  to  the 
possible  parallelisms  of  some  Michigan  and  Wisconsin  formations 
with  some  in  northern  Minnesota,  and  on  making  further  field 
examinations  and  research  into  tbe  comparative  lithology  they 
may  disappear  entirely.  In  the  following  summary  only  those 
systematic  resnlts  that  are  in  harmony  with  the  writer's  convic- 
tions are  stated,  with  some  foot-notes  that  call  attention  to 
interpretations  that  are  entertained  by  my  brother. 

The  name  Hnronian,  If  used  at  all,  should  be  applied  only  to 
the  strata  that  were  first  included  under  the  term  when  it  was 
introduced  and  defined,  and  to  their  stratlgraphic  equivalents  in 
other  parts  of  the  country.  The  English  geologists  do  not  recog- 
nize the  formation  in  the  British  Isles,  but  include  the  strata 
that  are  presumably  included  nnder  this  term  by  the  Canadian 
geologists,  in  the  term  Lower  Cambrian,  which  embraces  the 
Primordial  fbnna.  The  definition  of  the  Hnronian  which  has 
been  accepted  is  that  of  Logan,  based  mainly  on  the  observations 
of  Murray  in  the  region  north  of  lake  Huron,  republished  in 
the  "Geology  of  Can&dS,"  1863.*    With  this anderstanding  the 

•  It  li  veil  kMWD  Ihil  tfa(  ChbUu  gMtoiMB  lun  Uta*  Mlnidad  Un  Mm  •rldaljr  b»- 
fOitd  lu typical  region,  mod  am plifled  ItiiigDlQcBDceiio  u  to  make  It  cover  all  th«>ob!atJ  down 
to  Ibe  gaelua  of  tbe  LaunDtimi.  BecanllTi  boirerer.  Dr.  A..  C.  Lawion  liai  wpanied  tbeM 
ubUta  from  tbt  proptr  Hnronlon,  ud  hu  de*lgiuted  ■  part  of  them  EeevallD.  "  Report  on 
the  iwtlogj  of  the  l*ke  of  the  Woodi  r«glan."    An.  Bep.  IBSS,  Cau.  Bur. 
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oxteenth  report  shoTS  an  effort  to  trace  the  original  Hnroniaa 
formation  tlu«agh  Michigan  and  Wisconsia  to  Minnesota,  and 
to  ascertain  the  MinD«60ta  eqnivalentH  of  some  of  the  minor 
divisions  of  the  crystalline  rocks  older  than  the  Haronian. 

The  Hnronian,  in  its  typical  locality,  embraces  three  principal 
membeis. 

1.  Bed  and  vhite  qoartzyte,  granular  and  sometimes  con- 
glomeritio. 

2.  Slate  and  gray  qnartzyte,  sometimes  conglomeritic,  mak- 
ing a  conglomeritic  slate,  or  "slate  conglomerate." 

■3.     Very  fine-grained  gray  or  vhite  qnartzyte. 

These  are  fragmental,  and  show  every  character  that  is  known 
to  indicate  sedimentary  origin.  The  formation  embraces  no 
mica-homblendic  schists,  no  sericitic  schists,  no  typical  gray- 
wackee,  no  gneiss  or  gneissic  rock.  The  beds  dip  with  uniformity 
toward  the  south,  are  cut  by  doleritio  intrusions  and  are  over- 
lain by  the  products  of  such  eniption.  Thejy  lie  unconformably 
■on  a  "gneiBB"  which  is  admitted  to  belong  to  the  Laurentdan, 
firom  which  the  formation  received  many  and  conspicuoos  bool- 
-ders.  The  thickness  of  the  formation  may  be  as  great  as  ten 
thousand  feet.  There  is  considerable  evidence  to  show  that  the 
upper  qnartzyte  lies  unconformably  on  the  elates  and  slaty  oon- 
{;lomerate,  although  there  was  no  aotoal  observation  of  such  a 
relatioQ.  The  formation  also  embraces  red  felsytes  and  some 
l^ray  gabbro. 

Broadly  parallelized  this  is  recognized  at  once  as  the  Animike 
of  Minoesota,  embracing  in  that  term  the  gabbro  and  "red 
rock"  Mesabi,  the  Pewabic  qoartzyte,*  the  black  slates  and 
gntj  qnartzytes  and  the  Ogishke  conglomerate.  At  the  same 
tjme  the  npper  qnartzyte  is  provisionally  parallelized  with  the 
tme  New  York  Potsdam  sandstone  qnartzyte.**  This  qnartzyte 
with  ite  Potsdam  characters,  indnding  a  primordial  fauna,  is 
found  to  exhibit  loharacteristio  outcrops  in  Barron  connty,  Wis- 
«onsin,  BOnthem  Minnesota,  sontheaetem  Bakota  as  weU  as  in 
Sew  York,  Mid  in  Vermont  where  it  early  received  the  designa- 
tion "graaolar  quartz." 

Subsequently  this  unconformable  qnartzyte  was  traced  through 
the  Marquette  iron  r^on  of  Michigan,  and  its  nnconforroity  on 
the  iron-bearing  rocks  was  observed  and  figured  at  two  points. 

The  iron-ore  rocks  of  the  region  of  Marquette  are,  in  the  16th 

•  For  ■  deMriptlDD  at  (he  Fewtblo  qoutirte  tee  p,  B6,  leth  report, 

"  Cinipara  "A  graM  prlmohUsI  qnuUrt*-"  Amerlcui  Q^QlogM,  Umnfa,  ISU. 
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report,  made  tbe  parallel  of  those  of  Vermilioii  lake  in  Minne- 
sota, and  hence  a  part  of  the  Keewatin  vhich  underlies  nuoon- 
formablf  the  Hnronian.  The  dioritio  groap  and  the  gold-bearing: 
serpentine  groap  of  Dr.  C.  Bominger  are,  together,  made  the 
eQuiyalent  of  the  sericitio  8eriee(Le.,  the  Keewatia)of  Minnesota, 
embracing  in  that  the  schists  that  hold  the  jaspilyte  at  Tower, 
t^e  conglomerate  of  Stuntz  island,  the  Kavasachong  rook,  the 
green  conglomerates  fat  Ely,  the  lower  portion  of  the  great  con- 
glomerate at  Ogishke  Muncie  lake,*  the  dolomyte  at  Ogishke 
Muncie  lake,  and  the  "greenstone  belt,"  in  general,  of  the  map 
accompanying  the  ISth  report.  This  series  of  rocks  is  not 
fonnd  in  the  area  of  the  original  Haronian. 

The  iron-bearing  rocks  of  the  Penokee-Gogebic  range  of  Michi- 
gan and  Wisconsin,  however,  arenotconsideredtobeinthesame 
formation  as  those  at  Vermilion  lake.  They  are  made  to  be  the 
equivalent  of  the  slates  and  iron-bearing  rocks  of  the  Animike 
of  Minnesota,  and  hf  nee  of  the  trne  Huronian.  The  evidence  of 
this  need  not  be  repeated  at  this  place,  although  it  is  not  expressed 
fnlly  in  the  report  here  summarized.  It  will  be  given  more  folly 
in  a  later  chapter  in  this  report  f 

An  important  point  was  reached,  in  the  16tfa  report  (pp.  97- 
98),  in  the  separation  of  the  Qgishke  conglomerate  from  the 
greenstone  agglomerate  on  which  in  some  places  it  mnst  lie 
nnconformably.  They  seem  to  have  both  been  affected  by  the 
gabbro  epoch  of  disturbance,  and  the  gabbro  was  fonnd  in  dif- 
ferent localities  to  lie  on  the  gently  inclined  strata  of  one  and 
the  nearly  vertical  strata  of  the  other. 

Facts  confirmatory  of  the  origination  of  crystalline  acid  emp- 
tive  rock,  both  in  a&u  and  in  form  of  overflow,  ttnm  fragmenta} 
strata,  as  before  reported  in  the  15th  report,  are  given  again  on 
pp.  101-108  in  the  16tb.  These  fragmental  strata  seem  to  be- 
some  part  of  the  Keewatin,  and  were  originally  conglomeritio. 

Bearing  on  the  qnestion  of  the  age  of  the.gabbro-red-rock 
flood,  which  is  taken  by  the  Wisconsin  geologists  to  be  the  base 
of  the  Kewenawan,  or  Cnpriferous,  of  the  lake  Superior  r^on, 
some&cts  were  reported  in  the  16th  report  (pp.  86,  87,  88)  which 
i^ow  that  the  gabbro  began  to  be  extruded  during  the  deposition 
of  the  great  qnartzyte  which  overlies  the  Animike,  and  that  the 
great  mass  of  the  gabbro  is  of  not  much  later  date,  i.  e.,  of  the  age 

*  Ht  bratlur,  honnr,  r«gud«  tba  KcewkUn  ichiiti  u  bcariiiit  do  rslatlon  to  Ui«  S*ip<9Uii» 
fTODp  or  Bomlngar.    Sh  p.  SM. 

t  On  Iha  otb«r  hud  mf  brolhsr  li  dlipoHd  to  regHd  the  Oofcbla  on-t>«4riDg  rook!  H  bsTlng 
abmt  Umhcu  har!»n  u  thoM  M  JUrviUM,  whlsh  ha  do«  not  idmlt  within  tha  Hursnlu;  (pp. 
in  and  IM).    Tha  Fenake*  rodu,  bowcra,  ba  wonid  i 
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of  tbe  primordial  qaartzyte  of  the  North weet  Thicb  is  considered 
to  be  of  the  age  of  the  Potsdam  of  NevTork  and  the  "OraDiilar 
Qnarts ' '  of  the  Taconic. 

2.      THE  TASIODS  STEPS  OF  PBOQBESS. 

If  we  revert  now  to  the  list  of  problems  that  were  unsolved 
tonchiflg  the  crystalline  rocks  of  the  state  in  1872,  when  this  in- 
vestigation began,  we  shall  see  that,  by  the  aid  of  the  geologista- 
of  Wisconsin  and  Michigan,  great  advance  has  been  made  in. 
settling  some  of  the  questions  then  pending. 

1.  The  oncertainty  respecting  the  possibility  of  making  a 
atratigraphical  sabdivision  of  the  "Azoic"  of  Foster  and  Whit- 
ney, or  the  "Archsean"  of  J.  D.  Dana,  exists  no  longer.  There 
is  a  more  or  less  extended  sabdivision,  sometimes  into  only  two 
parte  but  more  freqoently  into  thi-ee  or  more,  which  is  accepted 
not  only  by  the  geologists  of  the  Northwest  bat  by  geologists 
who  are  at  work  on  this  groap  of  rocks  thronghont  America  and 
Earope.  So  far  as  Minnesota  is  concerned  this  sabdivision  can 
be  carried  still  fUrther,  and  six  members  of  the  "Azoic"  (if  the 
Haronlan  be  Indaded  in  it)  can  be  described  which  maintain  a 
constant^  of  character  and  Btrstigraphic  position  extending  into- 
Wisconsin,  Michigan  and  Canada,  such  that  they  have  to  have 
Individaal  description. 

2.  '  The  terms  Hnronian  and  LaarenUan  were  applied  to  two  of. 
these  parte  by  the  Canadian  geologiste.  Thoagh  misnnderatood, 
by  reason  of  the  contradictory  and  varied  definitions  that  have 
been  given  these  terms  by  geologiste  later  than  the  descriptions 
of  Murray  and  Logan,  when  they  are  compared  with  the  typical 
T^ons  in  (^uiada  they  are  foand  to  have  definite  and  easily 
recognizable  application  to  str^igraphical  horizons  which  are 
extended  over  the  whole  Korthwest,  if  not  over  the  world. 

The  Hnrooian  formation  is  satisfoctorily  established  as  the 
egoivalent  of  the  Lower  Cambrian  of  Sedgwick.  This  con- 
closioa  is  not  wrought  out  in  any  of  the  annnal  reports  of  the 
Minnesota  survey.  It  is  an  inference,  however,  from  two  other 
&ct6  which  have  been  indicated  in  the  foregoing  synopsis  of  the 
Minnesota  annaal  reports,  and  it  has  been  uiged  elsewhere  by 
Uie  writer.  These  two  lacts  when  united  constitute  a  demon- 
stration as  Incontestable  as  any  mathematical  fbrmula,  viz.: 

The  Lower  Cambrian  is  eqaal  to  the  Taconic, 

The  Horonian  is  equal  to  the  Taoonic, 
ergo 

The  Lower  Cambrian  is  eqoal  to  the  Haronian. 
vrf.ni— 4. 
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We  shall  not  Btop  here  to  bring  forvard  anev  the  evidencee 
■on  which  these  premises  are  based,  bat  will  proceed  to  mention 
other  advances  that  have  been  made  Bince  1S72  in  a  knowledge 
of  the  crystalline  rocks  of  the  Sorthwest.* 

4.  The  foregoing  condnsion  involves  premises  which  them- 
selves were  doabtfbl  in  1872,  and  which,  in  the  opinion  of  the 
writer,  are  sufficiently  established  to  be  admitted  as  traths.  The 
fltst  is,  that  the  Haronian  of  the  Canadian  geologists  is  t^e  same 
formation  which  was  named  Tacooic  by  Dr.  Emmons  of  theKew 
York  geological  snrvey.  It  makes  no  difference  except  in  the 
greater  difficulty  involved  in  making  this  foot  appear  to  the  sat- 
isfaction of  geologists,  how  long  and  how  honestly  the  Haronian 
has  been  snstained  by  competent  geologists,  nor  how  long  the 
Taconic  has  been  as  honestly  ignored  by  Uie  mtyority  of  opinion; 
if  these  names  were  actoally  applied  to  the  same  formation,  the 
sooner  it  be  acknowledged  by  American  geologists  and  the 
proper  adjastment  be  made  in  nomendatare,  the  better  it  will 
be  tOT  American  geology  and  the  credit  of  American  geologists. 

5.  The  other  donbtfnl  premise  involved  in  the  conclnsion  (3) 
above  mentioned,  can  be  considered  doabtfal  no  longer,  viz. : 
The  Lower  Cambrian  is  the  equivalent  of  the  Taconic.  There 
are  some  who  bring  trifling  objections  to  the  actuality  of  the 
Taconic  at  the  horizon  of  the  Lower  Cambrian,  bat  the  evidence 
is  so  strong  and  is  based  on  so  large  a  maaa  of  concurrent  &ct 
and  testimony  that  it  is  practically  demonstrated. 

6.  The  Animike  rocks  having  been  shown,  first  by  Prof.  B. 
D.  Irving,  and  subsequently  by  the  Minnesota  snrvey,  to  be  the 

•  On  the  IdantUr  of  tha  Lower  Cambrlu  with  the  TKonlc,  •«•  tha  wrltar'a  p^wn: 

Nolaa  on  olm^flatloii  and  nomaDolatura.    Awut.  !faluntllit,  AoguM,  188T. 

Some  oblccIioBi  to  the  Urm  Tamale  oonaldertd.    .luMr.  Qwlsf'^.  March,  1SB8. 

A  gnat  primordial  quaitxjt«.    Amer^  Qeeiaffist^'Wtnh^  1BB3, 

Beport  of  the  Americaa  ■ub-oommlttee  on  the  Lower  Faleoiolc,  10  the  LODdon  InterakUuul 
CangmM  of  GeologlgU.    Amer.  <7«i'ofrCt',  September,  ieS8;  also  the  report  or  the  Congraia. 

Tbeuiine  ilew  baa  long  been  held  br -Tulea  Manxw,  J.  Bcmode,  and  bf  Dr.  £.  Enunon*,  tud 
bj  other  geologlita  later.  Compu«  S.  A.  Ulllcf.  The  Taconic  a jateoi  ai  eMabllataed  b;  Emmona 
lud  Uie  lawi  or  DomcDclature  applicable  to  II.  .ilsMr.  OwWopul,  April,  lUg.  Alao  A.  Winihall. 
The  TuODlc  queatioD.  Amer.  Otolofii/,  3:im,  im.  C.  D.  Waloott.  Bulletin  M.  to,  U.  8.  Oeol. 
Atrrey.tDil  Amtr,  Joar. Set,,Hutb,  April  aad  Ha; ,  1S8S.  Hr.  Uanwa'a  prlDclpal papen  are : 
'TheT*aoDli>ar)t«m,  kod  lu  poaltlon  In  itratlgnphlc  ceology.  Pne.  An.  Acad.  Arte  <n^  Sci., 
Vol.XII,  18M.    American  gealogloal  clHalileatlon  and  oomi'ticlMure,  Her.  IBSS. 

Od  the  Identity  of  the  Huronlan  with  theTaoonIc;  aae,  The  crratalllne  rocki  Dl  llM  Noitb- 
«ul,M.  B.WIaoheIl,rioe-prealdentla]addrwa,A.A.A.S.,ISM.  At  a  much  earlier  data  the  aoi* 
Tlew  waa  held  br  E.  Emmoni,  and  tyj  i.  Uaroou.  II  hai  alao  been  itat«d  bj  A.  Winebdl  In  the 
Kth  report,  p.  170, 
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'Cqaivalent  of  the  original  Hnronian,  it  follovB  that  they  are 
disc  the  eqaivalent  of  the  Taconic  and  of  the  Lower  C^unbrian, 
4md  belong  witihln  the  primordial  zone  of  Barrande,  although 
the  distinctive  &nna  of  the  primordial  has  nbt  yet  been  fonnd  in 
the  typical  Animike  region. 

7.  The  Lanrentian  rocks,  of  the  Canadian  geologists,  are 
■divisible  into  three  parts,  having  different  genesis  and  age.  This 
&cC  has  not  been  recognized,  so  &r  as  the  writer  is  aware, 
except  by  the  Minnesota  survey.  These  three  classes  of  Lanren- 
tian (be(»QBe  they  have  all  been  so  styled  by  the  Canadian  geolo- 
.gists)  have  been  separately  recognized  by  different  geologists, 
both  Canadian  and  American,  and  oonflictiog  inferences  have 
been  drawn  &om  them,  which  have  tended  to  nnsettile  the  whole 
foandation  on  which  the  Lanrentian  rests.  Borne  hav«  seen 
valid  reasons  for  supposing  the  Lanrentifui  older  than  the  "Ha- 
ronian  "  and  conibrmable  with  it,  and  have  given  the  details  of 
the  facte  which  show  it.  Bnt  others  have  seen  another  class  of 
evidenoe,  equally  valid,  that  tends  to  make  the  "Lanrentian'' 
rocks  of  eruptive  origin  and  more  recent  than  the  Huronian. 
And  again  some  similar  syenitic  rocks  have  been  described  by 
the  Minnesota  survey*  mingled  in  great  masses  and  areas  with 
the  Meeabi  gabbro.  These  three  classes  have  been  observed  and 
-described  in 'Minnesota,  as  rehearsed  in  the  forgoing  synopsis  of 
the  Minnesota  work.  It  is  believed  that  these  distinctions  are 
fundamental,  and  that  they  extend  throaghout  the  Northwest, 
And  that  when  they  are  recognized  generally  by  observers  many 
-of  the  apparent  discrepances  that  have  been  noted  respecting  the 
lanrentian  will  disappear. 

8.  The  Lanrentian,  then,  is  easily  divisible  into  three  parts, 
but  it  wonld  not  be  claimed,  probably,  by  any  one,  that  the  same 
«tratigraphic  term  shonld  be  applied  to  them,  and  the  question 
may  &irly  be  considered  to  which  of  them  does  it  belong; 

Besides  the  subdivision  of  the  "Lanrentian"  into  three  parts, 
:&&  above  noted,  a  different  separation  has  been  recognized  by 
:Bome,  viz.:  into^neus  and  crystaUine  schists,  on  the  assumption 
Ihat  the  original  Lanrentian  contained  such  schists.  This  is  a 
necessary  and  valid  subdivision,  from  that  point  of  view,  and 
was  adopted  by  Prof.  B.  D.  Irving.  It  is  also  approved  by  my 
'brother,  A.  Winchell,  in  the  16th  report. 

9.  liie  "Lanrentian"  is  therefore  partly  the  result  of  <^ange 

m  described  In  Caudi  Id  the 
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in  gUu  &om  old  sedimentary  strata  of  Lsnrentian  age,  and  partly 
the  resnlt  of  eraptive  forces  which  have  caused  ui  eztmsion  and 
partial  overflow  over  later  sedimeatary  strata  of  some  of  the 
fnsed  material  of  the  same  old  strata.  Bach  extrusion  has  taken 
place  at  least  at  two  epochs,  and  the  later  one  is  of  the  age  of  the 
gabbro  and  may  have  not  risen  from  so  great  a  depth  as  the 
former. 

10.  For  reasons  which  have  been  mentioned  elsewhere*  it 
appears  that  by  hydro-thermal  f^on  the  deep-seated  sediments- 
of  the  super-crnat  became  crystalline ;  also  that  the  normal  saper- 
cm&t  is  neceesarily  acidic;  also  that  any  emption  from  the  fosed 
portions  of  the  snper-cmst  woold  not  only  prodace  an  add  erap- 
tlve  rock  when  cooled,  bnt  that  in  the  later  history  of  the  earth 
(Cretaceous  and  Tertiary)  such  acid  extmsions  oonld  rarely  if 
ever  reach  the  surface  of  the  earth,  bat  woald  form  laocolitea 
amongst  the  strata  overlying  the  zone  of  oomplete  flnidity. 

3.  The  eesults  of  the  investigation  so  fah  as  thet 
appear  at  present. 

If  these  steps  of  progress  be  applied  spedflcally  to  the  orys- 
talline  rocks  of  the  state,  we  shall  find  some  snch  history  as  the 
following  delineated  therein  with  greater  or  less  distinctness. 

The  Laurentian  age. 

The  name  Laurentian  is  applied  here  essentially  to  the  "funda- 
mental gneiss."  It  does  not  go  so  far  back  as  to  include  the  first 
rigid  primeval  crost  that  formed  M>m  cooling  nor  so  for  subse- 
quent to  it  as  to  embrace  any  noteworthy  strata  of  basic  minerals 
that  might  indicate  a  formation  different  in  nature,  or  manner 
of  genesis  from  the  gneiss.  In  other  words  it  does  not  include 
the  "  crystalline  schists."  The  rock  is  essentially  gneiss,  either 
granitic  or  syenitio.  It  resulted  &om  the  fusion  and  recrystalli- 
zation  of  the  earliest  sediments.  It  occupied  a  long  period,  and 
one  that  mnst  have  been  marked  by  profound  qaiet,  and  by  uni- 
form conditions.  The  siliceous  accumulations  that  were  the 
product  of  oceanic  waves  and  beaches,  began  in  the  shoal  parts 
of  the  ocean  and  widened  as  the  dry  land  increased  in  area,  form- 
ing the  nuclei  of  the  continents.  These  sediments  must  have 
been  siliceous,  because  such  only  would  remain  undissolved  by 
the  hot  and  finally  alkaline  waters  of  the  ocean.    Wlieo  they 

*Compmn  "SomB  tlioufhUoD  flniptlTa  n>ckfl  vllh  ipAclA]  nftaronov  to  thoM  of  HlnaaoiL** 
H.  H.  WlDDhtll,  A.  A.  A.  S.,  ItM. 
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liad  accamalated  to  a  great  thickness  they  vere  buried  nnder 
sediments  of  another  Idnd,  those  of  the  "crystalliDe  schists," 
marking  the  opening  of  another  epoch  in  geolt^cal  time. 
Wherever  they  had  been  raised  above  the  level  of  the  ocean 
they  constitnted  the  only  land  areas  that  existed,  and  perhaps 
till  this  day  those  areas,  or  some  of  them,  have  not  again  been 
SQbmerged. 

Distribution  of  the  Laurenttan  in  Minnesota.  A  large  part  of 
Minnesota  is  occupied  by  this  fundamental  gneiss.  It  is  not  to 
be  supposed  that  all  the  area  now  occupied  at  the  surface  by 
this  gneiss,  was  originally  the  land  area  of  the  state  at  the  time 
■of  the  close  of  the  Laarentian  age.  The  lapse  of  time  has 
brought  the  earth  throagh  many  vicissitudes.  The  original  area  > 
of  the  Laurentian  has  been  increased  at  the  suriace  by  the  growth 
of  the  continent  which  has  steadily  expanded  and  risen  higher 
above  the  ocean's  level.  As  the  later  strata  have  successively 
been  elevated  to  dry  land  they  have  been  subjected  to  such 
destructive  action,  first  of  the  ocean's  beach-line,  and  afterward 
by  tlie  agency  of  the  atmosphere,  that  they  have  been  worn  back 
and  have  uncovered  the  gneiss  over  extensive  areas  where  it  was 
at  first  hid. 

In  Minnesota  this  gneiss  must  have  extended  diagonally  across 
the  state  from  K.  E.  to  9.  W.,  crossing  the  Mississippi  river 
and  occupying  the  region  of  its  headwaters  about  Itasca  lake, 
and  including  the  region  of  the  upper  waters  of  the  Minnesota 
river.  There  may  be  spots,  or  considerable  areas,  within  this 
original  gneissic  belt,  where  by  subsequent  deep-seated  hydro- 
thermal  fusion  these  primitive  Laurentian  sediments  have  been 
rendered  plastic  and  then  fluid,  and  have  by  pressure  been  ex- 
truded through  fissures  in  the  crust  to  the  surface,  or  have  been 
QDOOvered  as  laecolites  by  the  destruction  of  the  overlying  strata; 
bat  wherever  these  exist  Uiey  are  presumed  to  show  their  later 
origin  by  their  non-gneissic  structure,  or  by  their  overlying  some 
later  sedimentary  strata.  The  distinction,  however,  between 
the  eruptive  condition  of  the  fused  Laarentian  sediments,  and 
the  primitive  sediments  that  have  been  converted  in  aitu  into  the 
fundamental  gneiss  is  one  that  requires  more  study  before  it  can 
be  defined.  That  both  conditions  ^st.  there  Is  no  question ; 
that  they  can  always  be  distinguished  is  not  to  be  affirmed. 

This  Laurentian  gneiss  is  represented  by  the  Basswood  lake 
and  perhaps  the  Sagani^a  lake  granites,  and  probably  by  the 
gaoBBes  that  are  found  in  the  Minnesota  valley  from  near  Morton 
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northwest  to  Big  Stone  lake.  Northweetwardly  from  the  Bass- 
trood  area  are  others  of  similar  gneiss,  vhich  have  their  exten- 
sion northeast  and  southwest,  nearly  parallel  with  the  extension 
of  the  other  areas.  Indeed  the  geographic  distribntton,  no  less- 
than  the  geological,  facta  that  are  observed  in  the  field,  favors- 
the  snppoaition  that  these  alternating  gneissie  belts  in  the  north- 
western part  of  the  state  show  either  aimply  the  denuded  areBta- 
of  stratigraphic  antiolinals  or  of  upward  swells  of  the  iso-hydro- 
thermal  fofiion  that  has  affected  the  ancient  Lanrentian  sedi- 
ments. This  question  is  one  that  requires  farther  investigation. 
It  is  referred  to  again  under  the  head  "Problems  still  ud- 
solved." 

Eruptive  Syenite.  Closely  associated  with  these  belts  of  funda- 
mental gneiss  are  ateas  of  massive  eruptive  syenite.  It  is  a  for- 
tunate cirounutianoe  that  the  apex  of  one  of  the  antidlnals  of  the 
gneiss  runs  near  the  present  natnral  snrfooe,  and  its  manner  or 
transition  &om  sedimentary  to  crystalline  rook  can  be  observed. 
It  would  be  more  consistent  with  the  tilted,  even  vertical,  por- 
tion of  the  beds  at  the  points  where  this  transition  has  been 
observed,  to  suppcee  the  change  was  due  to  the  varying  depths  at- 
which  planes  of  equal  hydro-thermal  fusion  ran  below  the  sur- 
face at  the  time  it  took  place,  than  to  suppose  it  is  due  to  an. 
actual  undulation  in  successive  auticlinals  of  the  same  strati- 
graphic  horizon.  This  fovorable  apex  for  observing  the  genesis- 
of  gneiss  is  in  the  line  of  the  gneissie  belt  that  raus  souUiwest- 
ward  from  the  west  end  of  Guuflint  lake,  and  which  apparently 
is  continued  in  the  form  of  erupted  syenite  in  the  Giant's  range- 
aoathweetward  from  Birch  lake.  It  was  observed  particularly 
on  the  Kawishiwi  river  (15th  report,  p.  353)  and  about  the  south 
shore  of  lake  Kekekebic  (iBth  report,  p.  367;  I6th  report,  p. 
103-107).  Whether  that  part  of  this  gneiasio  belt  which  is. 
referable  directly  to  a  change  in  sUu  in  sedimentary  materials  be 
of  the  same  age,  i.  e.,  on  the  same  stratigraphic  horizon  within 
those  sediments,  as  others  that  exist  further  northwest  or  not, 
they  are  here  considered  to  belong  to  the  Lanrentian  age  in  so- 
far  as  they  have  not  been  entirely  fused  and  extruded  in  a  liquid 
state  so  as  to  form  erupted  rock. 

It  has  already  been  remarked  that  the  erupted  massive  form- 
of  the  acid  Lanrentian  is  closely  associated  ge(^raphically  with 
the  gneissie.  Whether  they  were  of  oontemporaneous  origin  is 
not  certain.  But  that  the  erupted  condition  was  In  some  cases- 
produced  subsequent  to  the  age  of  the  "crystalline  schists"  ia- 
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evident  firom  the  fact  that  sach  rock  replaces  and  cnta  thoee 
schists.  This  &ct  has  been  recorded  many  times.  One  of  the 
most  remarkable  replacements  of  the  dark  schists  by  the  bodily 
transfereace  of  syenite  is  seen  north  of  Oanflint  lake,  and  is 
described  and  mapped  by  Mr.  0-rant  in  this  (17th)  report.  That, 
some  other  areas  of  syenite  were  of  considerably  later  date,  pos- 
sibly so  late  as  to  have  flowed  over  the  Keewatin  (greenish,  or 
hydro-mica)  schista  is  indicated  by  observations  made  by  H.  V. 
Winchell  along  the  Gianfs  range  sonthwest  from  Birch  lake,  and 
by  myself  on  the  shores  of  Kekekebic  lake,  where  a  conglomerate 
porphyroidal  rook  passes  into  gneiss,  and  directly  overlies  some 
Keewatin  schists.  That  other  of  the  erupted  syenites  of  the  state- 
are  aa  late  as  the  gabbro,  and  hence  overlie  the  Animike,  is- 
shown  not  only  by  the  syenites  associated  in  matnally  inter- 
molten  sheets  with  the  eruptive  gabbro  that  overlie  the  Ani- 
mike, bat  also  by  the  obeervatioos  made  at  the  Aurora  mine  in 
Uichigan  (16th  report,  pp.  58  and  187).  This  is  indicated  also 
by  the  observations  and  oonolnsions  of  Maj.  T.  B.  Brooks  and  by 
I^.  C  Bominger  la  respect  to  the  age  of  someof  the  graniterooks 
of  Michigan.* 

The  age  of  ike  VermUvm  acfiiaU,  or  "  crystaUitie  schists." 

It  has  been  remarked!  that  the  minecalogical  difference  be- 
between  the  gneisses  and  the  dark  "crystalline  schists"  is  so- 
f^eat  that  it  is  allowable  to  attribute  to  the  latter  a  different 
method  of  genesis,  one  sufficiently  distinct  to  have  introduced  a 
different  geological  time  or  age.  This  fact  was  recognized  in 
1886,  and  the  rocka  that  mark  the  opening  and  continuance  of 
this  new  epoch  of  time  were  separated  under  the  name  "Ver- 
milion group."  A  similar  series  of  schists  had  been  noted  by 
Lawson  in  the  region  of  the  Lake  of  the  Woods  in  1885,:t  ''x^ 
while  separated  by  him  into  two  parts,  viz.,  "Schistose  horn- 
blende rocks,"  and  "mica  schists,"  had  been  by  him  embraced 
under  the  general  term  of  "  Keewatin  series,"  and  considered  as 
tiie  basal  part  of  that  series,  and  aasignect  to  extra-Lanrentian 
time.    Subsequently  Mr.  Lawson  ideutifled  the  mica-schist  group 

•T.B.BrMki,on  thsTOangest  Hnnmiu  noks  wnthat  1mk<  SopwlDr.    Am.  Jour.  Sci.  (8), 
Carl  Romlnscr.    OttleglaMl  ArMv  iifMMtgan,  Vol.  IV.  p.  H. 
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and  the  basal  i>ortioiia  of  it  (the  bornbleBcUc  schists  and  the 
eruptive  features  that  characterize  the  horizon)  Id  the  r^on 
of  Eainy  lake,  and  has  given  a  description  and  a  name  for  the 
mica  aoiusts.  (^Am,  Jour.  8ei.  June,  1887,  p.  473).  He  ioclades 
the  mica  schists  under  the  term  OoutcAichitig,  and  supposes  the 
changed  emptive  rocks  vhich  intervuie  ge<^rapfaioa11y  between 
them  and  the  belt  of  Lanrentian  gneiss  lying  next  north  (along 
the  northern  shores  of  the  sonthern  part  of  Bainy  lake)  to  be  of 
later  date  than  the  schists. 

A  similar  groap  of  mica  and  hornblendic  schists  had  been 
noted  in  Michigan  by  Brooks  and  in  Wisconsin  by  Irving  and 
been  placed  in  the  Laurentian.  Bominger  included  the  same  in 
his  "granitic  group"  (Geol.  Mich.  Vol.  IV,  p.  17-18).  Higher 
in  the  stratigraphic  series,  i.  e.,  between  the  magnesian  soft 
schists  and  the  gneiss  and  gabbro  of  the  post-Huronian  rocks,* 
another  formation  of  mica  schist  was  observed  by  them,  which 
they  placed  near  the  summit  of  the  "Huronian."  They  gave 
neither  of  these  any  special  designation.  In  New  Hampshire 
the  "Montalban  series"  is  one  essentially  of  mica  schiste,  butf 
whether  it  can  be  parallelized  with  either  of  the  uoi;thwestem 
horizons  of  mica  schist  is  a  question  which  the  future  alone  will 
be  able  to  answer. 

ffomblendx  sehUU  converted  to  mica  achieta.  To  the  writer,  bow- 
ever,  the  micaceous  and  the  hornblendic  characters  seem  to  be 
so  blended,  and  the  one  so  frequently  sabstitnted  for  the  other, 
that  the  two  parts  described  by  Mr.  Lawson  appear  to  be  only 
phases  of  the  same  set  of  rocks.  The  hornblendic  condition,  as 
schists,  is  without  doubt  the  fundamental  and  primary  one;  and 
that  one  is  found  nearest  the  gneiss  of  the  Laurentian.  Horn- 
blende is  easily  converted  into  biotite;  biotite  has  so  close  rela- 
tions with  muscovite  that  it  is  sometimes  twinned  with  it  in  the 
same  crystal;  muscovite  is  replaced  both  across  the  bedding  and 
along  the  strike  by  hydro-mica  or  pearl-glimmer,  and  the  last 
passes  insensibly  into  the  talcoid  "Keewatin  Btuff"t  of  the  Kee- 
watin  series.  There  is  a  conformable  snccesaion,  both  genetico- 
mineralogicol  and  stratigraphical,  from  the  hornblende  schist 
through  the  mica  schist  into  the  hydro-mica  schist,  by  which 
these  are  bound  fundamentally  into  one  group,  as  placed  by 
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Zawbod,  and  no  other  sort  of  traDsition  is  knovn  or  indicated. 
On  the  other  hand,  bearing  in  mind  the  strong  mineralo^cal 
break,  or  contrast,  between  the  goeies  and  the  hornblende  rock, 
there  ia  not  so  close  a  mineral  relationship  with  the  Lanrentian. 
There  is  also,  in  some  places,  as  profound  a  atratigraphio  break 
and  non- agreement.  This  is  shown  in  nnmeroos  descriptions 
and  illnstrations  not  only  of  Mr.  Lawson,  bat  also  by  the  15bh 
and  16th  reports  of  the  Minnesota  sarvey.  Mr.  Lawson  empha- 
fiizea  this  &ct  by  a  remarkable  inference,  viz.,  that  the  Lanren- 
tian  ia  eraptiTe  and  of  later  date  than  the  Eleewatin  schists.  Sot 
to  dwell  on  this  inference  at  this  time  it  is  snfficient  to  call  at- 
tention to  it  to  show  the  probability  of  a  plane  of  profound 
-disoontinnity  between  the  Lanrentian,  as  here  defined,  and  the 
Vermilion  group.* 

Nature  of  the  transition  from  the  Lanrentian  to  the  Vermilion. 
As  to  the  natare  of  the  dynamic  agent  which  introdaced  this 
«haDge  in  the  crystalline  rocks  at  this  horizon,  it  is  indicated  by 
the  nature  of  the  rocks  thuuselree.  Primarily  they  are  charac- 
terized by  the  minerals  that  constitute  a  basic  eruptive.  They 
are  fonnd  to  exist  at  first  as  stmctareless  knobs  of  dioryte  or 
doleryte.  These  lie  nearest  the  gneiss  (I5th  report,  p.  330). 
They  are  flanked  by  basic  rocks  of  varions  modifications,  among 
which  hornblende  schist  is  predominant.  Gradually,  on  reced- 
ing from  theee  black  knobs,  a  sedimentary  stmctnre  becomee 
apparent,  and  the  hornblende  is  replaced  partially  or  wholly  by 
black  mica.  At  last  the  rook  is  changed  to  a  nicely  stratified 
mica  schist  which  at  first  is  perhaps  very  dark-colored  and  firm, 
with  little  free  silica,  and  sabseqaently,  with  an  increase  of  sil- 
ica, is  striped  with  distinct  strata  of  granular  silica.  As  the 
dark  mica  still  farther  fedes  oat  the  mass  is  converted  to  a  fine 
£ranalyte  or  qnartzyte,  or  a  light-colored  mioa  takes  its  place 
and  the  whole  passes  into  sericitic  schist  or  graywacke. 

It  is  not  always  the  case  that  all  evidence  of  molten  conditioa 
is  wanting  at  this  horizon  of  transition  from  the  gneiss.  Bat 
it  ia  very  slight  at  most  of  the  sections  which  have  been  de- 
acribed,*  If,  however,  but  a  single  nnqaestioned  occurrence  of 
eniptive  conditions  be  fonnd  at  this  point  it  is  sufficient  to  war- 
rant the  hypothetical  introduction  of  a  general  eruptive  epoch, 

•Ci>mpmrr,A.Wliiclull;  ISlh  Report,  pp. «,«,  87,  »7,  IM:  H.V.Wliichell ;  l«h  Report,  pp. 
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SO  widespread  as  to  coostitate  a  change  from  one  system  of  rooks 
to  another.  No  one  can  read  the  descriptions  given  by  Mr. 
Lawson,  or  some  of  those  contained  in  the  15th  and  19th  reports- 
of  the  Minnesota  sarvey,  without  recognizing  not  only  one  point- 
bat  nomerons  points  where  eraptive  characters  are  stamped  at 
this  horizon  not  only  on  the  basic  rocks  of  the  Vermilion  bat 
also  on  those  of  the  acidic  "Laarentian."  They  mataally  inter- 
penetrate each  other  in  the  form  of  transverse  dykee  and  mntn- 
ally  embrace  isolated  fragments  separated  each  fh)m  the  other. 
It  seems  to  be  abundantly  demonstrated  that  some  sort  of 
dynamic  change  was  introduced.  The  only  inference  that  such 
a  demonstration  points  to,  in  the  light  both  of  the  contrasted 
lithology  and  the  interrupted  stratigraphy,  is  that  of  volcanic 
action. 

Having  now  Mrly  stoted  the  natnre  of  the  change  which  is 
presumed  to  set  off  the  Vermilion  rocks  from  the  Laarentian,  it- 
is  necessary  to  consider,  further,  whether  the  gradual  and  con- 
formable conversion  of  the  Laarentian  beds  into  the  Vermilion^ 
such  as  has  been  seen  at  many  places,  and  which  indeed  is  the- 
most  frequent  manner  of  transition,*  is  consistent  wltb  the 
hypothesis  of  an  epoch  of  eruption.  It  should  be  remembered 
that  the  beds  do  not  now  bold  the  position  they  had  when  they 
were  deposited.  They  stand  now  nearly  vertical.  While  this^ 
upturning  i^ilitaCes  the  deciphering  of  their  history,  it  has  been 
accompanied  by  such  changes  in  the  crystalline  condition  of  their 
elements  that  a  screen  that  partially  conceals  their  history  has 
been  thrown  over  them  all;  yet  through  this  screen  can  be  seen 
the  oatlinee  of  their  historic  and  dynamic  genesis. 

Admitting  the  actuality  of  a  period  of  volcanic  action  at  the 
opening  of  the  Vermilion  age,  it  is  evident  that  the  eruptions 
wonld  take  place  only  at  centers  of  intensity  of  pressure.  Once 
located,  such  vents  would  for  longer  or  shorter  periods  continue 
to  send  forth  the  eraptive  matter.  In  the  presence  of  the  almost 
world-covering  ocean  these  materials  would  be  at  once  di^ri- 
bnted,  dissolved,  deposited,  in  the  same  manner  as  sediments  at 
the  present  day,  excepting  only  that  probably  the  solvent  power 
of  the  ocean's  waters  was  greater  than  at  the  present  time.  The 
former  sediments  having  been  almost  wholly  of  an  acid  nature,t 

J 'Mr.  A.  C.  Ltmon  hu dacrlbed  lucb  In  his  nport  on  th<  regiaDof  tha  Likeof  IbeWiMdi,. 
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sach  that  when  crystallized  again  they  constitnte  the  fnnda- 
mental  gneiss,  they  mnst  have  been  aceumnlated  slowly.  Bnt 
on  the  advent  of  this  new  supply  of  material,  which  is  so  rapid 
that  it  can  not  all  be  worked  over  by  the.  ocean  so  as  to  be  dis- 
solved and  its  alkaline  elements  extracted,  the  erupted  materials 
are  thrown  down  in  the  condition  of  stratified  sedimente,  retain- 
ing to  a  great  extent  their  chemical  composition.  In  the  periods 
of  comparative  quiet  theee  basic  materials  are  interbedded  with 
more  silioeoos  materials,  such  alternations  taking  place  as  long 
as  the  supply  of  basic  material  is  intermittent.  Thus  might 
be  formed  a  great  series  of  strata,  snrroanding  the  volcanic 
centre,  thousands  of  feet  in  thickness,  which  would  be  made  up 
of  variously  interstratified  or  mixedsilioeousand  basic  sediments. 
Sometimes  there  would  be  intrusions  of  purely  basic  doleritie 
rock  among  these  sediments,  at  different  horizons,  due  to  the 
bodily  overflow  of  sheets  of  lava  among  the  sediments,*  in  a 
manner  similar  to  the  interbedding  of  trap  rock  in  the  Kewenaw- 
an  at  a  later  date.  In  other  placee  these  eruptions  might  take 
place  somewhat  later,  involving  in  fracture,  upheaval  and  mixing 
the  last  made  strata  in  forms  of  various  fragments  and  breccia 
in  the  molten  rock  that  escaped.**  Such  an  epoch  of  disturb- 
ance, sufficient  in  ite  force  to  cause  the  outflow  of  basic  rock  from 
a  deep  source,  would  probably  be  saffioient  to  fOse  aad  cause  the 
outflow  of  some  of  the  sedimentary  rock  that  already  had  been 
formed.  Thus  the  basic  aud  acid  rock  would  mutually  inter- 
penetrate, and  a  series  of  fractures  which  would  be  filled  by  the 
injection  of  any  fused  mateidal  that  was  adjacent,  would  be  per- 
petuated to  the  remotest  time  in  the  form  of  transverse  and  more 
or  less  concordant  dikes  and  by  breccias  composed  of  the  two 
rocks. 

It  is  manifest,  therefore,  that  the  supposition  of  the  advent  of 
a  characteristically  eruptive  era,  closing  the  quiet  Laurentian 
sedimentary  age,  will  account  for  both  an  uuoouformable  and  a 
confbrmable  transition,  such  as  are  seen,  from  the  Laurentian  to 
the  Vermilion. 

I^ect  of  hydrothermalfaatoR,  It  is  necessary,  before  proceed- 
ing to  the  consideration  of  the  next  age,  to  call  attention  to 
another  great  &ct  in  connection  with  the  history  of  the  Ver- 
milion.   Kothing  is  more  evident  to  the  geolc^st  who  carefully 
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inspects  the  Laarentian  and  Yermilion  strata,  than  that  they  bare 
had,  in  some  respects,  a  common  experience.  This,  however,  is 
snbeeqnent  to  the  date  of  the  origination  of  the  rock  masses, 
and  has  had  a  tendency  to  so  naify  their  mineral  characters  as  to 
blend  them,  in  the  opinion  of  some  geologists,  indissolably  into 
one  system.  They  contain,  excepting  the  emptive  diabases, 
etc. ,  at  the  base  of  the  Vermilion, — essentially  the  same  mineral 
components ;  bat  those  oomponentfi  are  differently  distribated 
and  exist  in  very  different  proportions.  These  minerals  are  in- 
terlocked with  each  other  in  crystalline  contact.  It  is  very 
difficnlt  to  affirm,  in  mtmy  places,  any  fragmental  grains.  They 
lie  in  such  continaed  parallelism  in  long  ^eets  that  there  is  no 
natural  agent  except  sedimentation  that  can  be  appealed  to 
to  acoonnt  for  the  stratification.  The  strata  do  not  consist  of 
individual  minerals,  that  is,  any  single  stratnm  may  contain 
several  minerals,  bat  they  change  in  rel^ively  proportionate 
amounts  in  a  direction  across  the  strike,  and  this  slow  change, 
which  on  weathering  brings  ont  either  light  or  dark  bands,  is 
so  gradaal  that  some  of  the  strata  or  some  parts  of  the  strata, 
can  not  be  separated  from  the  others  by  any  accepted  designa- 
tions. Within  the  same  band  the  gneissose  aggregation  changes 
to  a  schistose.  While  in  a  general  way  it  may  be  said  that  the 
mica  schist  alternates  with  what  Mr.  Lawson  has  conceived  to 
be  a  series  of  thin  gneissic  dykes  in  aa  many  sedimentary  beds 
of  mica  schist,  it  is  equally  true,  and  equally  as  evident  on 
inspection,  that  the  schist  foAee  oat  across  the  beds,  into  gneiss 
by,  a  change  in  the  relative  amounts  of  the  constituent  minerals. 
It  is  very  certain  that  if  the  schist,  in  such  places,  be  abtribnta- 
ble  to  sedimentary  origin  the  gneiss  is  equally  so.*  Indeed 
often  within  the  gneiss  itself  are  distingnishable  narrow,  paral- 
lel belts  of  varying  color  and  bthology  at  some  distance  from  the 
horizon  at  which  the  general  gneiss  mass  began,  which  must 
be  attribated,  as  certainly  to  the  same  cause  as  in  the  schist. 
These  only  lack  the  dark  coloring  minerals  to  show  their  natare 
more  evidently,  and  their  similarity  of  origin  with  those  nn- 
qnestioned  parallel  belts  that  mark  the  schist 

Tills  crystallizing  and  anifying  of  the  mineral  characters  most 
have  taken  place  in  these  strata  while  they  were  yet  boried  at 
considerable  depth  below  the  sur&oe,  or  at  least  at  such  a  depth 
that  they  were  affected  simultaneously  by  hydro-thermal  fusion. 
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Whether  before,  dnriog,  or  snbseqaent  to  the  process  of  aptnm- 
ing  which  has  brought  them  both  to  a  vertical  attitude,  it  is 
sot  ueceasary  here  to  inqoire.  Indeed,  this  ia  yet  one  of  the 
"ansettled  problems." 

The  Ke&oaHn  adiisls. 

This  term  is  here  used  in  a  sense  somewhat  restricted  from 
that  in  which  Mr.  Lawson  first  applied  it,  inasmach  as  it  does 
not  indnde  the  crystalline  schists.  This  change,  however,  will 
doabtless  be  considered  allowable,  since  Mr.  Lawson  himself 
seems  to  have  separated  the  original  gronp  into  two  series  by 
the  application  of  a  distinctive  term  to  the  mica  schists  —  the 
Contchiching.* 

Oonfarmable  trav^tion  from  the  Vermilion.  It  has  already  been 
stated  that  stmctnrally  there  is  a  conformable  transition  from 
the  Vermilion  to  the  Keewatin.  This  has  been  found  to  be  the 
case  without  exception,  so  far  as  the  Minnesota  survey  is  ooa- 
cemed,  and  it  seems  not  to  be  contradicted  by  any  facts  reported 
by  Mr.  Lawson.  Indeed,  so  far  as  Mr.  Lawson  has  reported  any 
&cts,**  they  tend  to  harmony  with  the  fkcts  aod  oondnsiuns  of 
this  survey.  Very  fevorable  opportunities  have  been  afforded 
for  the  minate  inspection  of  these  beds  where  they  pass  to  the 
Vermilion,  in  many  places,  and  they  are  reported  in  the  fif- 
teenth and  sixteenth  reports.  There  have  been  five  different 
geologists,  engaged  within  the  last  three  years  by  the  Minnesota 
survey,  who  have  ipade  independent  examinations  at  this  hori- 
zon of  transition,  and  at  separate  places,  and  in  every  instance 
they  have  reported  a  gradual  and  conformable  transition  from 
the  Vermilion  to  the  Keewatin. 

There  is  also  a  corresponding  gradnal  change  in  the  crystal- 
line condition  and  the  composition  of  the  beds.  While  the 
materials  are  referable  very  largely  to  the  same  source  as  the 
materials  of  the  Vermiliou,  there  is  an  increase  of  quartz  and  a 
loss  of  mica  in  ascending  iu  the  strata.  The  schists  become  seri- 
citic,  or  chloritic,  or  argillitic,  and  are  iuterbedded  with  gray- 
wackes  and  agglomerates;  the  last  prevail  near  the  top  aod 
indeed  seem  to  have  introduced  the  marked -eruptive  char- 
acters that  distinguish  the  next  formation. 

Nature  of  the  Keewatin  rocks.    It  appears,  from  the  character  of 
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the  rooks  of  the  Keevatin,  that  active  votoanic  rents  existed 
throQgboat  the  vhole  period,  ai^d  that  the  ejectameata  were  re- 
ceived in  the  waters  of  the  sarrounding  sea.  The  strata  coataiu 
much  silica,  in  rOTiDded  grains  and  pebbles,  indicating  the  waning 
of  the  volcanic  supply  and  the  influx  of  sedimentation  similar  to 
that  accamlated  daring  the  Lanrentian.  There  are  dykes  and 
varioos  diabasic  rocks  associated  with  the  Keewatin  strata,  some 
CQttiug  transversely  and  some  nearly,  bat  not  quite,  parallel 
with  the  strike,  some  of  which  are  certainly  of  a  later  date,  bnt  of 
which  some  seem  to  belong  to  the  age  of  the  Keewatin.  Whether 
any  of  these  have  any  possibly  traceable  connection  with  some 
of  the  old  volcanic  vents,  existing  within  Keewatin  tame  it  is  not 
now  possible  to  state,  bnt  it  is  very  likely  that  such  connections 
will  altimately  be  established.  At  any  rate  the  Keewatin  closed 
by  a  renewal  of  active  eruption  as  profound  in  its  energy  and 
its  effect  on  the  pre-existing  strata  as  that  which  marked  the 
close  of  the  Laarentiao.  In  the  vicinity  of  Tower  and  thence 
eastward  the  rocks  that  evince  this  epoch  of  volcanic  erup- 
tion have  been  insepcted  at  many  places,  and  they  are  described 
with  aocompanjjug  illostrations  showing  the  crumpled  and 
&ulted  condition  of  the  earlier  aqueous  strata,  in  the  fifteenth 
annaal  report  (pp.  223-276).  The  rocks  which  resulted  from 
this  renewal  of  igneous  forces  form  a  conspicuous  series  and  they 
have  been  traced  almost  continuously  from  Tower  to  the  vicinity 
of  Q-unflint  lake  where  they  pass  below  the  Animike.  They 
show  the  same  confused  blending  of  stratified  with  massive  rock 
as  has  been  mentioned  at  the  base  of  the  Vermilion.  In  many 
places  they  coostitnte  hills  that  rise  one  hundred  to  three  hundred 
feet  above  the  adjoining  lowland  levels,  and  consist  of  a  green- 
stone that  exhibits  all  the  outward  characters  of  diabase  or 
doleryte.  At  many  places  this  greenstone  is  agglomeritic,  some  of 
the  stones  showing,  by  a  periphery  of  amygdaloldal  stmeture, 
that  they  were  immersed  in  a  magma  that  differed  from  them 
in  the  amount  of  contained  heat,  or  in  their  capacity  for  receiv- 
ing and  transmitting  heat.  The  massive  strnctnre  sometimes 
embraces  large  fragments  rent  from  beds  of  stratified  structure, 
and  the  massive  structure  itself  sometimesacquires  a  foint  lining 
and  then  a  distinct  banding  which  cannot  be  attributed  to  any 
other  known  agent  than  sedimentary  action.  The  greenstone  is 
frequently  jointed  io  a  columnar  manner,  forming  basalt,  in 
which  cases  it  seems  necessary  to  regard  it  as  a  primary  basic 
eruptive.    All  the  other  modifications  and  exceptions  which  this 
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freenstone  exbibits  causing  a  departare  from  the  characters  of  a 
normal  basic  emptive  are  to  be  referred  to  the  actioD  of  the 
■ooean  on  the  erapted  materials,  or  oa  the  local  raptare  of  the 
pre-existing  strata  and  the  mingling  of  the  fragments  irith  the 
new  materials.  It  is  evident  that  in  some  places  these  fragments 
voold  be  gently  covered  and  inclosed  by  nev  sedimentation 
{and  sach  instances  are  shown  on  the  south  shore  of  Yermilion 
lake)  producing  the  carioos  alternations  of  breccias  and 
paralld  strata,  all  of  the  same  kind  of  rock,  which  have 
■excited  the  wonder  of  more  than  one  geologist.  It  is  equally 
evident  that  in  other  places  these  fragments  would  be  covered 
by  an  overflow  of  erupted  material  that  did  not  come  into  con- 
tact with  the  ocean's  distributing  action,  and  there  would  result 
a  baaalt  containing  angular  masses  of  fragmental  strata.  It 
has  been  observed  that  appai-ently  the  most  massive  rocks  of 
Ihis  epoch  change  by  weathering  into  a  green  chlorite  or  even' 
aserioitic  schist,  when  they  occupy  the  loner  levels  and  come 
into  contact  with  water,  or  where  they  are  subjected  to  onshel- 
■tered  exposure  to  alternating  froeta  and  moisture.  In  this  case 
the  original  rock  shows,  sometimes,  a  sedimentary  banding,  and 
the  scbistosily  that  resnlta  may  or  may  not  coincide  with  the 
direction  of  this  banding.  Throughout  nearly  all  the  region 
where  this  greenstone  prevails,  the  schistosity  has  a  prevalent 
•direction  northeastwardly,  and  that  is  also  the  direction  of  the 
general  strike  of  all  the  sedimentary  rocks ;  but  there  are  excep- 
tions in  the  case  of  the  sedimentary  strike,  which  are  more 
namerons  and  extensive  than  any  that  have  been  found  in  the 
direction  of  the  schistosity.  The  ease  with  which  this  schistose 
Btmctnre  is  developed  on  weathering,  seems  to  vary  with  the 
•compoeitiou  of  the  rock,  or  at  least  with  its  original  structure. 
Where  the  greenstone  is  evidently  a  true  eruptive  basalt  which 
has  never  been  subjected  to  the  distributing  action  of  sedimenta- 
tion the  schistose  structure  is  faint,  or  is  wanting,  and  rounded 
knobs  of  stractnreleSB  massive  rock  rise  above  the  general  level  of 
the  country.  When  there  is  an  intimation  of  the  primeval  action 
of  water  on  the  constituents  of  the  rock  at  the  time  of  their 
deposition,  evinced  either  by  the  presence  of  siliceous  grains, 
the  intdosure  of  fragments  of  stratified  masses,  a  generally 
Jighter  green  color  in  the  whole  mass,  or  in  an  indistinct  band- 
ing like  sedimentary  structure,  the  schistose  structni-e  is  more 
<quiokly  developed. 

VermUion  iron  ores.    The  Keewatin  is  the  iron-bearing  forma- 
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tion  of  the  region  of  Yennilion  lake.  It  oontaiDB  the  janpilyte 
lodes  vhich  have  been  described  at  Tover  in  the  15th  annnal 
report  But  it  sboold  be  stated  that  these  lodes  seem  to  prevail 
in  those  parts  of  the  formation  that  show  most  evidently  the- 
eharacters  of  massive  and  original  eruptive  rock,  i.  e.,  in  the 
later  portion.  The  knobs  of  jaspilyte  at  Tover  are  embraced  it> 
and  penetrated  by  a  green  schist  which  at  the  sarfoce  is  easily 
excavated,  when  a  schist,  bat  which  at  greater  depth  sometimea 
becomee  a  massive  green  rock,  and  which  in  the  main  most  be 
considered  an  original  emptive.  At  short  distances  from  the 
knobs,  even  ontheslopesan  evident  sedimentary  stmctoresaper- 
venes,  the  beds  being  nearly  or  qnite  vertical. 

Origin  of  JatpUyte.  It  is  not  necessary  here  to  reconsider 
ta\\y  the  qnestion  of  the  origin  of  the  rock  known  as  jaspilyte. 
Various  considerations  are  given  in  the  16th  report  that  go  to- 
show  that  it  is  of  sedimentary  origin,  embraced  as  foreign  masses, 
in  the  green  emptive  rock  of  the  region.  Much  more  study  ha» 
since  Uien  been  given  to  the  Bnbject,  and  while  the  &ct8  and 
arguments  then  relied  on  are  still  valid  some  othw  problems 
have  arisen  which  need  to  be  solved  in  order  to  make  th© 
hypothesis  of  its  sedimentary  origin  entirely  satisfactory.  They 
can  be  briefly  referred  to,  viz. : 

Why  is  the  silica  of  the  jaspilyte  so  uniformly  of  very  fine- 
grain,  and  of  so  uniform  a  graini 

Why  does  the  jaspilyte  accompany  the  most  evidently  erup- 
tive parts  of  the  Keewatin,  and  why  is  it  not  found  in  important 
masses  in  those  parts  that  have  plainly  a  sedimentary  strnotare  T 

It  seems  qnite  remarkable  that  the  jaspilyte,  on  the  sedimen- 
tary hypothesis  of  its  origin,  should  not  vary  perceptibly  in  the 
size  of  its  siliceous  grains.  Reference  is  here  made  to  the  ulti- 
mate quartz  grains  into  which  it  disintegrates  on  being  long- 
weathered.  When,  in  the  stratified  schists,  some  small  pebbles- 
from  the  jaspilyte  are  disseminated  in  the  manner  of  sedimenta- 
tion, the  pebbles  themselves,  as  constitnent  elements  in  the  strati- 
fied mass,  are  seen  to  vary  in  size  considerably,  some  of  them 
being  no  larger  than  the  eye  of  a  needle,  and  others  as  large  as 
pease,  or  even  much  larger.  The  same  is  trne  of  pebbles  of 
other  silica,  such,  for  instance  as  those  of  segr^ated  or  chemi- 
cal silica  which  does  not  show  the  finely  granular  structure. 
But  when  these  pebbles  of  jaspilyte  are  examined  more  closely 
they  are  found  to  be  made  up  of  almost  microscopic  quarts 
grains  of  the  same  size.    The  question  refers  to  the  size  of  tbese- 
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If  they  are  the  product  of  sedimentation,  it  would  be  in  accord- 
aDce  Tith  nsiial  oteervatioD  tliat  they  woald  hare  been  collected 
and  deposited  under  the  action  of  varying  cnrrents  and  would 
vary  in  size  from  place  to  place,  or  from  striictare  to  atmotare 
(within  certain  limits)  and  some  of  them  would  be  expected  to- 
be  mingled  with  other  sorts  of  sedimentary  materials.  Some- 
obeerrations  hare  been  made,  indeed,  which  indicate  the 
mingling  of  fine  siliceoaa  grains,  supposed  to  be  the  same  as  the- 
fine  grains  of  the  jaspilyte,  with  the  sedimentary  green  sohists- 
in  the  viotnity  of  Tower,*  but  in  these  cases,  and  especially  in, 
theoaee  of  principal  masses  of  jaspilyte  that  are  mined  at  Tower, 
it  is  not  yet  sufficiently  shown  that  the  nltimate  grains  of  which  the 
jaspilyte  consists,  manifest  saoh  a  variation  as  is  here  indicated. 
Indeed  it  is  qnite  possible  that  all  the  siliceous  grains  that  are  seen 
disseminated  through  the  green  schists,  as  seen  at  Tower,  are^ 
compound  grains,  derived  as  fragments  from  jaspilyte  that  pre- 
existed as  snch,  and  that  each  one  can  be  reduced,  on  examina- 
tion, to  the  same  minnbe  grannies  as  the  jaspilyte  itBetf.  There- 
fore the  question  remains  unanswered — why  are  the  ultimate 
grannies  of  the  banded  jaspilyte  of  so  nniform-a  size,  and  so- 
nniformly  finet 

Again,  it  seems  quite  remarkable,  on  the  sedimentary  hypothe- 
sis of  theorigin  of  the  jaspilyte,  that  it  shonld  be  fonnd,  in  its  most: 
typicf^l  formsaud  largest  amounts,  embraced  in  a  rook  which  mani- 
fests the  least  of  thecharacters  that  indicate  sedimentary  forces,  and 
surronnded  by  rock  that  manifests  unqnestioned,  or  almost  nn- 
questioned,  eruptive  forces  in  its  manner  of  origin,  f  This  associa- 
tion is  hard  to  explain  except  on  the  eruptive  hypothesis  for  the- 
origin  of  the  jaspilyte.  It  might  be  said,  with  much  reason,  that 
in  the  midst  of  the  basic  eruptions,  or  at  intervals  of  rest  from 
basic  eruptions,  some  acid  eruption  took  place,  and  that  the 
erupted  matter  assnmed  snch  forms,  and  such  relations  to  the 
basic,  whether  in  the  presence  of  oceanic  waters  or  on  land,  as  the 
drcumstances  required,  injnst  the  same  manner  as  the  materials 
of  basic  eruption.  To  this  the  mineral  nature  of  the  jaspilyte  is 
the  greatest  obstacle. 

Ifame.  The  massiTe  "greenstone"  stage  of  the  Keewatin  has 
DO  distinctive  name.    It  has  sometimes  been  referred  to  as  the 

•  FIftwnth  report,  pp.  EiS-2S0. 
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""  KamiBactaoDg  rock,"  since  it  forms  the  falls  of  that  name  at  the 
moath  of  the  Eawishiwi  river,  on  the  sonth  shore  of  Fall  lake. 
Bntitis  not  desirable  thatsaoh  a  name  be  perpetuated.  Kawishi- 
vnn  would  be  better,  and  it  voald  be  appropriate  since  this  river 
raDB  for  many  milea,  and  some  of  its  tribataries  for  many  more, 
over  rock  belonging  to  this  epoch  of  the  Keevatin. 

FaraUels  of  the  EeeuxUin.  The  writer  has  seen  at  but  one  place 
in  the  Northwest,  outside  of  Minnesota,  what  he  believes  is  the 
stratigraphic  equivalent  of  the  Eeewatin.  This  belief  rests 
entirely  on  llthological  resemblance,  with  some  general  strati- 
graphic  parallelism.  In  general,  the  groaps  which  Dr.  C. 
Bominger  has  described  as  "serpentine  groap"  and  "dioritic 
group,"  *  in  the  region  of  Marquette,  exhibit  the  characters  of 
the  Keewatin.  There  may  be,  aa  thought  by  him,  an  essential 
difference  between  the  dioritic  and  the  serpentine  groups,  but 
their  afQuities  are  very  close,  and  indeed  nearly  all  the  charac- 
ters, in  limited  areas,  are  foTind  in  the  Keewatin.  The  serpen- 
tine rocks  may  ultimately  be  found  to  consist  of  the  old  volcanic 
cones,  now  tilted  to  lie  at  an  angle  of  90  d^rees,  more  or  less, 
from  the  position  they  originally  occupied,  from  which  issued 
the  ^ectmente  that  were  consolidated  to  form  the  dioritic  schist 
group.  In thatcasethey  would fandamentallybeofaboutthesame  - 
age  as  those  schists.  However  that  may  be,  no  one  can  read  the 
carefal  description  of  the  dioritic  groap  by  Bominjier,  be  he 
familiar  with  the  Keewatin,  without  being  struck  with  the  great 
mlneralogical  similarity.  (See  also  16th  report,  pp.  47-48.) 

There  is,  however,  an  important  evidence  of  this  parallelism 
to  be  drawn  from  a  comparison  of  the  stratigraphy.  In  the 
Marqaette  region  the  mica  schist  group  is  but  feebly  represented, 
and  is  not  at  all  shown  by  Bominger  on  his  map  of  the  region. 
It  is  included  by  him  in  his  grsnitic  group.  But  the  dioritic 
group  comes  at  once  into  contact  with  the  granitic  rocks  of  the 
"granitic  group."  This  is  shown  to  be  interbedded  sometimes 
with  the  b^  of  the  dioritic  group,  and  the  granite  to  be  appar- 
ently produced  sometimes  by  the  fusion  and  extrusion  of  some 
of  the  beds  of  the  dioritic,  or  from  some  of  the  lower  strata,  form- 
ing knobs  and  sudden  enlargements  of  granitic  rock  within  the 
schists  of  the  dioritic  gronp.t  The  same  kind  of  indistinct, 
incipient  oryetalllzation  as  described  by  him  has  been  noted  at 
about  the  same  horizon  in  the  schists  of  the  Keewatin  north  of 
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Onnflint  It^e,  and  between  Ogishke  Manoie  aod  Kekekebic 
lakes,  and  the  same  gradttal  inter-bedded  transitiDD  from  the 
schists  to  a  sub-granitic  rock.  In  the  Bame  way  also  great  over- 
flow areas  of  acidic  syenite  or  "granite"  arefoandin  coDDeotiion 
with  both.* 

But  the  most  remarkable  stratigraphic  coincidence  is  the  rela- 
tion of  the  Keewatin  and  the  dioritic  group  to  the  overlying 
formation.  In  Minnesota  it  is  the  iron-bearing  Animike,  and  at 
Marquette,  it  is  the  "iron  group,"  of  Bominger.  This  relation 
is  one  of  anoonformity.  For  evident  reasons,  which  need  not  be 
€laborated  here,  the  "  iron  group"  of  Bominger  is  considered  to 
be  on  aboQt  the  same  stratigraphic  horizon  as  his  "arenaceous 
slate  group."  They  are  not  shown  by  him  to  be  distinct,  although 
he  supposes  them  to  be  separated  by  the  "quartzyte  group," 
and  in  both  of  them  are  found  important  bodies  of  ore  in  the 
Marquette  district.  They  have  the  same  relations  to  the  dioritic 
group,  as  described  by  him,  and  their  geographic  distribution, 
as  separately  delineated  on  his  geological  map,  especially  when 
taken  in  connection  with  his  geological  descriptions,  is  inexplica- 
ble on  the  supposition  of  their  separate  identity. 

In  the  light  of  what  has  been  published  by  the  Minnesota  sur- 
vey respecting  the  unconformable  superposition  of  the  Animike 
over  the  Keewatin,  nothing  farther  need  be  said  as  to  that  fact. 
But  when  this  unconformity  is  extended  to  the  Marquette 
rc^on,  and  the  iron-ore  beds  there  so  much  worked  are  placed 
above  that  line  of  unconformity,  it  may  need  a  concise  statement 
of  the  evidence  to  make  it  appear  plausible.  While  it  is  in  per- 
fect accord  with  the  published  conclusions  of  the  Michigan  and 
Wisconsin  geol(^ist8,  to  put  the  ore-bearing  rocks  of  those 
states  in  the  "  Huronian,"  it  is  not  in  accord  with  them  to  sepa- 
rate that  horizon  from  the  dioritic  schists  which  really  embrace 
ao  ore  horizon  of  an  older  date,  by  a  plane  of  unconformity;  but 
under  the  term  "Huronian"  have  been  grouped,  in  one  essen- 
tial concordant  series  of  strata,  all  the  rocks  of  the  district 
younger  than  the  fundamental  gneiss  or  the  Lanrentian.  Later 
Dr.  Bominger  has  stated  that  some  of  thegranite  of  the  district  is 
eruptive  and  of  later  date  than  the  associated  schists.  (Geol.  of 
Mich.,  Vol.  IV,  pp.  17  and  22.) 

The  reader  is  therefore  referred  to  the  following  quotations 

•  Tbc  hEKuUlc  lodn  u  Toner  teem  to  hiT«  Ihslr  npnHDlatlTei  In  the  dlorlilo  group  of 
BomlDia,  but  they  hire  not  proTed  prodocliTe  enough  to  aupport  rtguUi  mlntng.  Sucb  are 
BMBUoned  bj  him  od  pp.  II,  IT,  29,  30. 
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from  the  deecriptdons  of  Dr.  Bominger  of  tine  relation  of  the 
"dioritic  groap"  to  tiie  overlying  "iron  group"  and  "arena- 
ceoos  alate  group."* 

Page  TS ;  Speaking  of  the  ani&ce  lock  of  the  enTiroos  of  Negaanee  aod  Ub~ 
peming,  which  belong  to  the  "iron-oie  gronp,"  he  sftys;  "The  stnta  are  inao 
exceedingly  diatoibed  condition  *  *  *  Theae  diatorbed  beds  lie,  in  eTei7 
instance,  directly,  bnt  very  often  oncouformably,  on  cblorito-hydro-micaceons 
schists,  or  on  crystalline  dioritic  mosses  which  are  constant  associates  of  theae 
chloritic  Bcblste."  *  *  *  "Overlooking  the  extremely  plicated  and  cortu- 
gat«d  condition  of  the  strata,  tliey  farm,  considered  in  theii  totality,  a  synclinal 
basin,  hemmed  in  between  dioritic  ridgea." 

1^4^76;  "The  discordance  existing  between  the  dioritic  and  the  iron-bear- 
ing rock  gronpe  is  obvious  in  the  m^joiiV  of  natural  or  aitifidat  eiposaieSr 
although  It  otlen  occnis  that  they  adjoin  each  other  in  panlleliam." 

Page  S3;  "The  ore-bearing  beds  in  the  lake  Snperior  mine  lie  In  a  steep- 
inclination,  with  northern  dip  directly  on  the  diorite,  or  on  schistose  beds 
belonging  to  this  gronp,  bat  in  other  porta  of  the  mine  tlie  strata  are  wen  to  be- 
bent  and  folded  repetittonsly,  and  to  dip  in  the  moat  irregalar  way." 

Page  fi3;  "The  depoeits  viaibly  nnderlietiie  jaspery  maaaive  rock-ledges  and 
repose  Inamnch  corrogated  condition  on  the  schists  uf  the  diorite  gronp." 

Page  66;  "In  the  abandoned  pita  of  the  old  Tilden  mine,  and  in  several 
neighboring  natural  ezpoanrea,  the  ore-formation  is  fbnnd  to  repose  on  the  dio- 
rite, or  on  the  scbisla  belonging  to  this  gronp,  bnt,  as  it  seems,  always  in  dis- 
cordance," 

Page  108;  Speaking  of  the  "arenaceons  slate  gronp,"  be  aays:  "The  strata 
lie  on  the  side  of  a  diorite  hill  dipping  under  a  low  angle  toward  it  in  a  north- 
ern direction,  and  a  few  hundred  steps  further  east  another  body  of  these  ledges 
lies  in  a  slanting  position  on  the  diorite." 

PagelU;  "On  the  south  side  of  the  large  duster  of  diorite  knobs,  north  of 
the  New  York  mines,  we  generally  see  the  ore-formation  in  direct  contiguity 
with  the  diorite;  bat  on  the  higher  port  of  one  of  the  rock  bluSs  another  kind 
of  stratified  rock  [i.  e.,  thearenaceons  slate  groap.  N.  H.  W.]  is  fonnd  to  repose 
on  the  diorite  in  seemingly  discordant  posltton," 

These  statements  are  sufficient  to  show  that  in  the  Marquette 
region  there  was  a  profonnd  break,  or  unconformity,  that  sepa 
rated  the  dioritic  group  from  that  next  succeeding,  as  marked 
and  as  general,  as  that  which  separated  the  Keewatin  from  the 
Animike.  The  fact  that  it  has  not  generally  been  reo^nized, 
and  when  so  observed  that  its  significance  was  not  noted,  may  be 
explained  bythegreatconfnsion  that  prevails  at  Marquette  in  all 
the  dip  and  strike  of  the  rocks,  due  to  disturbances  that  involved 
both  the  older  and  the  later  terranes. 

Further  evidence  of  this  parallelism  is  found  in  the  fact  that, 

•  G«olagT  or  UichlgiD,  Vol.  IV,  \ifj. 
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ID  tbe  same  maimer  the  KeevatiD,  and  the  "dioritic  groap"  of 
BomiDKer,  are  anoonformably  overlaid  by  a  more  recent 
<|iiartzyte,  as  Till  appear  later  Id  this  review. 

JiupUyU  M  in  Uie  Keewatin  and  the  dioritic  group.  There  is  a 
general  lithologioal  resemblance  as  already  noted.  It  will  be 
necefisary  here  only  to  call  attention  to  one.  The  Keewatin 
contains  the  typical  jaspilyte  deposits  of  Minnesota — i.  e.,  those 
that  have  chalcedonic  silica  as  their  chief  characteristic,  and 
occnr  in  cnrionsly  ribboned  contorted  bands  or  masses,  afford- 
ing a  hard  specolar  hematite.  Although  Br.  Bominger  does  not 
«nLploy  tiie  term  jaspUyte,  he  seems  to  make  several  references 
to  it  in  connection  with  his  account  of  the  dioritic  group.  Bach 
references  may  be  found  on  pp.  27,  29,  and  30.  In  other  places 
it  seems  as  if  the  descriptions  that  he  has  recorded  of  the 
phenomena  of  the  iron  mines,  all  of  which  he  supposes  to  be 
in  the  "iron  group,"  and  not  in  the  dioritic  group,  can 
apply  only  to  the  dioritic  groups  This  is  true  particu- 
larly of  some  of  those  in  the  vicinity  of  Ishpeming.  Dr. 
M.  E.  Wadsworth's  observations  and  figures*  seem  to  indicate 
the  same.  The  manganesic  soft  hematite,  and  the  limonitio  ores, 
which  are  also  "jaspery,"  are  not  believed  to  belong  to  the 
same  formation  as  the  hard  jaspilyte- hematite,  but  to  the  over- 
lying "iron  group."  It  is  true,  however,  that  it  is  impossible, 
At  present,  to  indicate  fblly  the  petrographic  difference  that 
may  dlstinfcaiBh  the  jaspilyte-hematite  of  the  £eewatin  from  the 
jaspery  beds  of  the  iron-ore  group.  That  will  be  subject  for 
further  study,  f 

JPossibUity  of  rooks  younger  ^vin  the  Keewatin,  before  the  beginning 
4}f  the  Taconic.  We  have  seen  that  the  Keewatin  was  termiDated 
by  an  increased  eruptive  activity,  prodacing  distinctively,  in 
Minnesota  the  "greenstone  range,"  or  the  Kawishiwin  rocks. 
We  have  no  distinct  knowledge  of  any  later  sedimentary  beds 
prior  to  the  nnconformably  overlying  Taconic  (or  Animike). 
There  are,  however,  some  problematical  rocks  that  different  mem- 
ben  of  the  Minnesota  survey  have  noted  whose  position  in  the 
stratigraphic  column  has  not  been  determined.  They  have  been 
■designatedtniMconodo  rocfcj,  and  insomeplacesthey  hold  a  position 

copper  and  Iraa  dIgtrioU  of  Uke  3up«rlbr,    Mat.  Ij  Onip. 

tTba  nader  !■  nfecnd  (o  the  rock  "talooM  eoaElamanta,"  daaorlbed  bj  Dr.  E.  Hltohoook 
Id  tha  Oariagy  nt  Vtrmmi,  far  •  probibte  Ner  Englaod  npnaentatlTe  of  tha  BUmts  ooDgleu- 
«nla  of  tha  Koewattn.  Indaed  thara  !i  [real  raaioo  to  aiupect  ttut  Ibe  Kaemtln  borlion  In 
all  Urn  ftatnni  sxlati  in  the  "Ulsoea  slaUa"  of  inalcni  Naw  Eiiglud. 
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some  distance  sonth  of  the  strike  of  tlie  Eawishiwin  and  spread 
over  several  miles  of  area.  It  ie  not  intended  to  discoss  them 
here  at  any  length.  They  may  be  some  part  of  the  Taconic,  and 
it  is  only  suggested  that  they  may  be  a  sedimentary  formatioa 
that  accnmnlated  subsequent  to  the  Eleevatin  before  the  sab- 
mergence  that  broQght  the  Tacooic  ancooformably  over  it. 

The  age  of  the  Taoonie  (Animike,  Hnronian). 

Hot  long  an  interval  of  time  passed,  and  what  ite  events- 
were,  separating  the  Kawishiwin  epoch  from  the  Taconic,  it  is 
impossible  to  state.  Bat  it  is  evident  that  there  was  a  great 
change  in  the  snrfece  of  the  earth,  wherever  this  snocession  is 
fonnd,  which  tended  to  allow  not  only  snbmergence  of  some  of 
the  pre-existing  land  area,  bat  snch  general  qaiet,  speaking 
broadly,  as  wonld  allow  slow  sedimentation,  and  apparently  the 
growth  of  plante  and  animals.  The  black  carbonaceons  dialee 
and  slates,  or  in  other  places  the  graphitic  character  of  the  rocks, 
of  the  Taconic,  where,  as  on  Pigeon  point,  they  have  been  meta- 
morphosed, safficiently  indicate  the  presence  of  plant  life  in 
the  Taconic  In  other  places  fiunt  tracings  of  rade  forms, 
apparently  of  vegetation,  have  been  observed  on  the  sides  or 
some  of  the  black  slates.  Bat  of  these  forms  noae  from  Minne- 
sota have  been  carefally  examined  and  described.*  Of  animal 
remains  none  have  been  found  in  Minnesota  that  belong  in  the 
black  slates,  bat  in  ))he  quartzyte  overlying,  some  primordial 
fossils  have  been  foandf  corresponding  with  the  fauna  of  the 
Paradoxides  horizon  of  eastern  North  America,  indicating,  so 
&r  as  this  evidence  goes,  the  age  of  the  "Granular  Qaartz," 
and  of  the  Bed  Sandrock  of  Vermont.  This  formation  seems  to 
be  represented  in  the  Booky,  mountains,  where  the  primordial 
fauna  has  been  mentioned  by  Mr.  B.  G.  McConnell  X  along  the 
line  of  the  Canadian  Pacific  railroad.  Still  earlier  Mr.  G.  D. 
Wslcott  described  it  in  Nevada.  §  There  is  no  doubt  that  this 
formation  is  widespread.  The  coincident  identity  of  the  old 
Taconic  with  the  "Lower  Cambrian"  and  the  Hurooian  need 
not  be  discussed  here,  and  those  who  believe  that  these  represent 
different  rock-horizons  will,  of  course,  not  accept  the  generalized. 

•  SliKeoth  report,  pp.  7S,  ZS». 

tTblrl«eiith  report,  p.  61. 

t  G«ol,  Sur.  ot  Can.,  ISSS.    R«p.  !>.,  pp.  19-3(1.    Am.  O.-o].,  JiDuirj',  IgS». 

IThUtlMh  bulletin,  U.  S.  GmI.  aurrey. 
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history  that  is  here  indicated.  To  the  vriter  there  seema  to  be- 
ne way  to  groap  the  terranes  that  are  fonnd  in  the  Northwest, 
enheeqaent  to  the  Eeewatia,  belonging  in  that  general  horizon 
that  has  been  accepted  widely  as  "Hnronian,"  except  to  make- 
them  the  parallel  of  that  earlier-named  system  which  was  so- 
long  stadied  by  Br.  Sbenezer  EmmoDS,  and  by  him  named 
Taconio. 

The  opening  of  the  Taconio.  So  far  as  we  know  the  Taconio  was- 
characterized,  from  New  England  to  the  Black  Hills,  by  an  epoch 
of  increased  sabmergenoe  beneath  the  ocean.  Thereisgreatreason- 
to  believe  that  aU  the  earlier  formations  of  the  Baper-ornst  had. 
been  sobjected  to  great  fleznre  and  aptilting  before  this  snb- 
mergenoe.  In  Minnesota  the  onderlying  beds  are  almost  verti-- 
cal,  nearly  everywhere,  and  the  Taconic  beds  dip  at  angles  gen- 
erally less  than  30°.  It  can  hardly  be  Bnpposed  that  thronghoat 
so  great  an  area  the  subjacent  strata  coold  by  any  transforma- 
tion be  placed  in  vetticality  beneath  the  Taconic  since  the- 
depodtion  of  the  latter,  without  eqnally  disturbing  the  Taconio- 
also.  Indeed  when  sach  raptaring  of  the  strata,  since  the 
deposit  of  the  Taoonic,  has  been  observed,  as  in  the  regioo' 
between  Ogishke  Mancie  lake  and  G^bemichigama  lake,  the  dis- 
turbance has  involved  the  Taconio  rocks  also,  and  has  turned 
them  into  various  and  excessive  dip.  Such  exhibitions,  how- 
ever, are  exceptional,  so  &r  as  observations  already  made  in- 
Minnesota  indicate.  The  Taoonic  strata  maintain,  both  in  Min- 
nesota and  Wisconsin,  as  in  the  Mesabi  and  Qogebic-Penokee- 
ranges,  a  regularity  of  dip  and  strike,  and  a  low  angle  of  incli- 
nation which  are  not  seen  in  any  of  the  older  rocks. 

There  is  a  conglomerate  at  the  base  of  the  Taoonic  This  is  a 
fragmental,  sedimentary  conglomerate,  embracing  numerous 
roonded  fragments  from  the  earlier  formations  of  the  region. 
The  lowest  stratum  seen  in  the  Hnronian,  in  the  region  north  of 
lake  Huron,  is  reputed  to  be  a  qnartzyte  which  varies  to  a 
qnartzoae  conglomerate,  and  by  the  accession  of  organic  matter 
assumes  a  dark  color,  becoming  a  "slate  conglomerate."  In  the 
latter  form  it  has  a  wonderful  development,  both  in  Canada  and 
in  Minnesota*.  It  is  the  Ogishke  conglomerate,  of  the  Minne- 
sota reports.  It  seems  to  be  the  Missaaangni  quartzyte  and  the 
slaty  conglomerate  of  the  original  Hnronian  area.  This  con- 
glomerate is  followed  by  an  immense  thickness  of  dark  slaty 

•  Od  ihe  pMuga  at  the  quuUoN  Icondltlon  Into  tha  Aaxj,  e*cb  being  pebblr,Ns  Imkub 
ISSS,  OMJogy  of  CuutU,  pp.  W, »,  SM. 
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Tocke,  oftea  cherty,  or  fliDty,  freqaently  very  dark-colored,  gen- 
-erally  BiliceoiiB,  alternating  with  thin  qaartzytes,  and  grayish 
feldspatbic  quartzytes,  all  in  conformable  stratification,  as  a 
-whole.  Yarionsly  interbedded  with  theee  slates  and  quartzytes, 
irom  bottom  bo  top,  are  beds  of  basic  eruptive  rook,  and  it  is 
neceesary  to  suppose  that  sach  emptions  mnst  have  been  accom- 
panied, in  some  places,  by  extensive  distnrbance  and  meta- 
morphism.  As  a  gronp,  however,  the  Taconio  strata  sustain  a 
nniformitj  of  lithology,  within  allowable  limits  of  variation, 
which  marks  tbem  as  one  great  series,  which  experienced  essen- 
tially the  same  history  over  very  extensive  parts  of  America, 
and  in  that  respect  they  show  the  same  individaality  as  the 
Keewatin  and  the  Vermilion,  which  names  cover  respectively  the 
SDbcrystalline  (earthy)  and  the  crystalline  schists  of  the  Xorth- 
w^fit.  The  Taoonic  is  essentially  the  Olenellns  group  of  strata 
of  the  primordial. 

The  iron  ores  of  the  Taconic.  The  Taconic  is  the  chief  iron- 
bearing  formation  of  the  Xorthwest  It  is  the  "Hnronian" 
iron-group  of  the  Marquette  region,  the  Fenokee- Gogebic  range 
in  Wisconsin,  and  the  non-titanic  ores  of  the  Mesabi  range  in 
Minnesota.  The  writer  is  not  fomillar  with  the  Menominee  iron 
district  in  Micliigan  and  Wisconsin,  but  the  described  characters 
and  the  parallelisms  that  have  been  claimed  of  the  Menominee 
rocks  by  Brooks,  Bominger  and  Irving,  with  those  at  Negannee, 
sufficiently  show  that,  as  daimed  by  Emmons  and  Houghton  in 
1846,  the  Menominee  rooks  are  also  of  the  Taconic*  llie 
namerons  important  iron-ore  deposits  that  have  long  been 
known,  and  formerly  extensively  exploited  in  eastern  New 
York  and  western  Vermont,  Massachusetts  and  Connecticut, 
embracing  hematite  and  limonite,  often  manganesic,  afford  par- 
allels with  the  iron-ore  deposits  of  the  Northwest  that  are  here 
-classed  in  the  Taconic.  Some  of  the  descriptions  of  the  ore- pits 
of  Washington,  St.  Lawrence  and  Dutchess  counties,  of  eastern 
New  York,  recorded  by  Mather  and  Emmons  in  their  reports  on 
the  geology  of  those  counties  are  applicable,  in  many  respects, 
to  those  of  the  Penokee-Oogeblc  and  the  Mesabi  ranges  in  the 
Northwest. 

Tke  Qranvlar  Quartx.  As  used  here  the  term  Taconic  does  not 
embrace  the  "Granular  Quartz,"  of  Emmons,  as  there  is  sa£S- 
dent  evidence,  in  the  writer's  opinion,  for  making  that  the  par- 

•A(Tl«uliuraar  KawTork,  IMS,  Vol.  I,  p.  101. 
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»U«1  of  the  trae  Potsdain  of  New  York  state.*    The  diief 
resBoos  for  this  separation  may  be  given. 

(a)  The  riratiffraph4c  relatUma  of  the  Gi-anviar  Quarte  and  the 
Potsdam  of  N.  Y.  are  the  tame.  Id  the  first  place  they  are  seen 
to  lie  iiDCODfortuably  on  the  older  "granite,"  one  on  the  weet 
flank  of  the  Oreen  monntaius,  and  the  other  on  the  northern 
and  eastern  flanks  of  the  Adirondacks;  and  in  the  second  place 
they  bear  the  same  relation  to  the  Bed  sandrook  of  Vermont. 
By  Dr.  Emmons  the  Bed  sandrock  was  regarded  the  equivalent 
of  the  Potsdam  and  Galciferona  sandrock,  but  it  is  described  by 
the  Canadian  and  Vermont  geologists  as  Potsdam.  Emmons, 
Logan,  Hitchcock  and  Marcon  agree  in  making  it  nncoufbrma- 
ble  on  the  underlying  slates,!  but  Ur.  Walcobt  Calls  to  find  the 
tinconformity  at  the  point  described  by  Marcon.  J 

It  seems,  however,  that  the  preponderance  of  evidence  is  in 
fovor  of  such  unconformity,  especially  when  it  is  farther  con- 
sidered in  its  afcreement  with  observations  supposed  to  be  atthe 
same  stratigraphie  horizon  in  the  Northwest  and  in  the  Black 
Hills.  The  Potsdam  is  therefore  here  the  Bed  sandrook,  and 
unconformable  on  older  slates.  But  by  the  discovery  of  the 
eame  &una  in  the  Oranolar  Quartz  and  in  the  Bed  sandrock  Mr. 
Waloott  has  shown  that  these  are  stratigraphically  the  same 
formation.  Therefore  the  Granular  Qaartz  must  lie  nnconform- 
ably  on  other  berranea  than  the  "Priinary"  of  the  Oreen  monn- 
taina. 

(b)  While  thefoisiU  of  the  Granular  Quartz  are  cofftuUe  wUh  tAose 
4>f  the  Bed  mndrock,  they  are  also  cognate  vnthaU  that  have  been  foand 
in  the  true  Fottdam.  They  are,  however,  easenti^ly  different 
from  those  of  the  so-called  Potsdam  of  the  Mississippi  valley. 
This  need  not  be  amplified.  It  is  based  on  one  of  the  cardinal 
distinctions  that  subdivide  the  primordial  fauna. 

(c)  The  Bed  sandrock  overlying  the  Georgia  group  unconforma- 
itg,  as  alreadif  slated,  the  Gramdar  Quarts  and  the  Potsdam  must 
have  the  same  stratigraphie  position.  While  this  has  not  been 
observed  in  New  York  and  Vermont  (or  when  so  seen  the  over- 
lying strata  were  considered  to  belong  to  the  Bed  sandrock)  it 
has  been  observed  to  be  the  relation  subsisting  between  an  iden- 
tical qaartzyte  in  the  area  of  the  original  Huronlan,  in  northern 


•  BqU.  No.  M,  U.  B.  OeoL  Bnr.  p.  18. 

tflwlogjof  VDinoDt,  VoLI,pp.  atO,  «7. 
«>olagT  Bt  Vermont,  Mam.  B<Mm  Sot.  JtU.  BUI 

Th«T«onI 
Vtl.  IT. 

•t  Georgia  andtlir  retort  onths 
ID  Gaologkt,  Huob,  10S.    A  grot  primordial  qutrti^U. 

Vol.  ni.— 7. 
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Michigan,  and  Id  northeastern  Minnesota,  and  a  series  of  alates 
nnderlying.  In  other  words;  The  Thessalon  qnartzyte  of  the 
Haronian  oTerliee  (probably)  nnconformably  the  Plommer 
argillytes.  The  Fewabio  qnartzyte  and  the  WansTraogoning 
qnartzyte  overlie  the  Animike  in  northern  Minnesota,  bat  the 
exact  contact  has  not  yet  been  obeerred;  while  in  the  Marqaette 
region  the  "  qnartzyte  gronp"  of  Bominger  overliee  nnconform- 
ably his  "iron  gronp."* 

If  we  carry  the  comparison  farther; — 

(d)  The  riraiiffraphie  retatiotu  of  the  Qranvlar  Quartz  and  P<A»- 
dam  to  the  "^antte"  are  the  game  aa  Oiose  of  a  great  primordial 
qnartzyte  of  the  N&rthweri  to  the  "  granite."  This  western  qnartz- 
yte has  been  deaignated,  not  only  Potsdam,  bnt  Sionz  qoartzyter 
Baraboo  qnartzyte,  Sew  Ulm  qnartzyte,  Barron  coouty  qnartz- 
yte, Wanswaogoning  qnartzyte,  aa  well  aa  Pewabic  qnartzyter 
and  in  nnmerons  instances  it  has  been  observed  to  lie  nncon- 
formably on  the  granite  supposed  to  be  of  Lanrentian  ^e. 

This  comparison  conld  be  extended  to  Inolnde  the  Black  Hills 
of  Dakota  and  the  primordial  section  of  Nevada,  and  it  wonld 
appear  that  the  relations  here  pointed  ont  for  this  qnartzyte  are 
of  wide  application  and  mark  it  as  a  formation  of  continental 
extent. 

(e)  By  Mather,  Sogers,  and  others  who  have  opposed  the 
Taconic  system  the  Grannlar  Qnartz  was  referred  to  the  Pots- 
dam sandstone. 

These  considerations  seem  to  Jostify  the  conclnsion  that,  con- 
trary to  the  opinion  of  Dr.  Emmoos,  the  Grannlar  Qnartz  should 
be  placed  at  the  top  instead  of  at  the  bottom  of  the  Taconic 
system,  and  that  the  Taconic  black  slate  underlies  it  nnconform- 
ably. This  does  not  disturb  his  general  idea  that  the  Taconic  is 
a  sub  Potsdam  formation,  even  nsing  the  term  Potsdam  in  its 
original  sense  as  here  defined.  It  is,  furthermore,  in  accordance 
with  the  views  of  the  Swedish  geologists  to  find  the  qnarteyte 
(Paradozides)  horizon,  lying  above  the  Olenellna  beds,  and 
indicates  that  the  Braintree(Mai)S.)qnartzytes  overlie  theBrain- 
tree  slates. 

[Note. — The  onlj  intimation  that  the  writer  has  been  able  to  ^ni^  th»t  the 
Gnuinlar  Quartz  and  th«  Red  sandrock  had  ever  been  nstuded  the  same  forma- 
tion by  the  early  geologiBta  is  a  statement  in  the  "  Qeology  of  Vermont,"  Vol- 
I,  1S61  (Issned  in  1862,  Walcott),  p.  346.  It  Ib  by  Dr.  Edwaid  Hitchcock,  and 
in  the  followii^  words:    "A  oarroiT  strip  of  impnta  limeatone  portiallf  sepa- 

U  warrtf,  pp. «,  46. 
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latM  tbe  qnartz  rock  tVom  the  S«d  Mndiock  in  Honkton.  Tbe  Uinotinie  giada- 
tllf  thins  on^  ttnd  is  flnally  lost,  ao  that  the  qnartE  rock  and  tbe  Mndrock 
nnite  with  Cttcb  othM;  and  probably  tbe  Hoe  of  j  auction  i«  only  a  line  aeparat- 
ing  diffarant  degreeaof  metamorphic  action  npon  the  same  fbnnatloi);"  hot  by 
diflfei«tit  geologists  both  Qte  Potsdam  and  the  GrajinUr  Quartz  have,  on  what 
■wmsd  good  STidence,  at  different  times  been  regarded  as  the  equiTSleut  of 
tbe  Bed  sandiock.  Some  ooDfasion  has  arisen,  as  it  seems,  in  the  use  of  tho 
word  Potedam,  by  ttw  geologists  who  have  examined  tbe  Champl^  Talley  in 
tbe  wme  manner  as  in  the  Missisilppi  Talley."  Some  have  applied  the  term 
fo  tbe  great  qnartzyte  [the  "  Gianalsr  Qoarts  "  in  its  different  positions)  and 
some  to  the  later,  looser  wndrock,  and  CaldferoDS  sandroek,  that  lie  Buconfonn- 
ably  on  tbe  qnartzyte,  and  some  to  both  varieties.  The  former  is  the  horizon 
of  tbe  Paradoxida  fknna,  from  New  England  to  Minnesota,  and  tbe  latter  is 
tbe  borison  of  the  Dicelloeephslns  fiinaa.  It  will  reqnire  a  le-examination  of 
lbe"mi>datoneof  Potsdsm,"  at  the  typical  locality,  to  determine  tiie  question 
—  wMch  is  tbe  tme  Potadam  sandstone  ?] 

The  age  of  the  Potgdam. 

E(ptioaieiU  names.  Under  this  headl  Dg  are  iodnded  here  several 
local  deBlgnatiions  which  have  been  applied  by  geolog:iats  to  a 
formation  that  extends  videly  over  the  TToited  States  and  Can- 
ada, the  uniform  characters  of  which,  as  veil  as  its  foesilB  and 
stratigraphy,  indicate  tliat  they  all  belong  to  one  great  qnartzyte 
horizon.  Some  of  these  variooB  names  are:  Granolar  Qnartz, 
Bed  sandrock,  Theeaalon  qnartzyte  (of  the  original  Hnronian), 
Teal  lake  qnartzyte,  N'o.  3,  or  qnartzytegronp(of  Dr.  Bominger), 
Baraboo  qnartzyte,  Wanswaagoulng  qaai-tzyte,  Pewabio  qnartz- 
yte,  Sionx  qnartzyte.  Fnrther  east,  it  may  be  represented  by 
the  qnartzyte  at  Braintree,  Mass.,  and  the  Faradoxldes  beds  of 
Newfonndiand.  Farther  vest  it  seems  to  exist  in  the  Ht.  Ste- 
phen section,  and  contains  the  fonna  of  the  Bow  Birer  gronp, 
and  of  the  "Prospect  Monntain"  qnartzyte.  It  is  anqaeetion- 
ably  fonnd  in  the  Black  Hills,  bnt  fortnnately  it  has  not  there 
received  a  special  name,  bat  is  embraced  ander  the  term  Pots- 
dam. This  is  essentially  the  horizon  of  the  Paradoxides  strata 
of  the  primordial. 

Unconformable  on  the  Taaonic.  It  has  been  stated  that  this 
qnartzyte  is  nnconformable  on  the  Taconic.  Tliis  is  Bofficiently 
established  in  Vermont,  in  Michigan,  Wisconsin  and  in  the 

•  Bnimini  notlned  tbs  dUiusun  of  lltlwlocr,  bat  Dot  the  mwoiifiinDltr  of  ilntlBiiatlon, 

0-L  ^  ir.  y.,  Vol.  n,  tut,  p.  wt. 

Pt.  Edward  Hltdwok  imiih  to  Iuto  Sgnrad  thli  nnomronnltT  In  VnL  I,  p.  MS,  of  tha  Qtl. 
tg$  It  FrnmiU,  bat  b«  eoaildtnd  ths  "  qnuti  rook "  hera  M  batong  to  tha  Laanntlui.  At 
Ck^  Ur.  Join  Hanoa  Hata  tlut  ha  obaamd  u  nniBUfoniltj  batnen  t^  PM*dim  aod  tha 
Chnr  Mnta,  tha  dlTsntoea  of  dijp  balnf  IS  iatnm.—Tln  TOoatU  tfltm  oad  ttf  petUltm  in 
it«M>mifHrij|iiiJiiif»     Pne.  An.  AeML  Arti  A  Be!.,  Vol.  XII,  p.  1*0. 


DiqitizeObyGoOt^lc 


62  BBVENTEENTH  AMNUAX  BSPOBT 

Black  HlUs  of  Soath  Dakota.  It  is  preatimably  bo  in  the  area 
of  the  original  Horonian.*  Snob  a  videspread  non-conformity 
indioatee  that  the  Taoonio  was  dosed  by  a  videBpreacl  epoch  of 
distnrbance.  Since  the  Potsdam  is  carried  over  the  edges  of  the 
Taconic,  and  in  many  places  is  bronght  into  contact  with  the 
"granite,"  which  may  be  supposed  to  be  older  than  either,  it  is 
evident  that  this  distnrbanoe  was  followed  by  a  still  farther 
inroad  of  the  oceanic  waters  on  the  land  area  of  the  continent. 
This  aabmergence  has  effectually  hid  the  Taconic  formation  from 
sight  over  very  eztensiye  areas,  and  led  the  geologists  who  saw 
the  Potsdam  lying  on  the  Primary,  in  New  Tork,  to  qnestion 
the  possibility  of  a  formation  several  thoosand  feet  in  thickness 
belonging  b^iween  them.  It  also  produced  a  oooglomeritio  com- 
position in  the  bottom  of  the  Potsdam  at  nearly  all  places  where 
the  bottom  beds  have  been  seen. 

Furtker  evidence  of  disturbance  during  the  Fottdam.  The  gradoal 
or  paroxysmal  sinking  of  portions  of  the  continent  below  the 
ocean  during  the  Potsdam  age  was  aooompanied  by  other  evi- 
dences of  distarbEinoe  that  bare  remained  audeniable  witnesses 
to  this  day.  There  were  both  basic  and  add  eruptions  of  great 
volomes  of  molten  rock,  which  in  some  cases  were  interbedded 
in  the  Potsdam,  and  in  others  are  found  overlying  it.  These 
molten  rocks  are  found  generally  to  lie  on  the  Taconic  and  the 
Potsdam  both,  but  their  date  of  outflow  is  fixed  later  than  (he 
beginning  of  the  Potsdam  by  their  stra41graphic  rdation  to  the 
Potsdam.  Beds  of  gabbro  are  evenly  spread  with  qaartzyte 
strata  above  and  below  them,  in  the  Pewabic  qoartzyte  in  north- 
eastern Minnesota.  In  general  the  gabbro  lies  on  the  Animlke 
(Taconic)  in  Minnesota,  bat  a  fovorable  observation  made  tU) 
Chub  (Akeley)  laket  demonstrates  that  this  qaartzyte  was  par- 
tially deposited  over  the  Animlke  before  the  great  gabbro  flood 
occurred.  The  osual  Immediate  overlie  of  the  gabbro  on  the 
beds  of  the  Taconic,  is  due  to  the  &ctthat  those  beds  were  nearer 
adjacent  at  the  points  of  issue  of  the  molten  rock.  It  also  lies 
on  the  Keewatin  as  well  as  on  the  Laurentian ;  while  the  Potsdam 
is  overwhelmed  and  nearly  lost  by  the  great  mass  of  lava  that 
issued  from  the  interior  of  the  earth  during  the  time  of  iba  depo- 
sition. While  the  gabbro  ontflow  seems  to  have  been  the  most 
voluminous  and  remarkable  in  Minnesota,  and  to  have  been  the 

•  InthB  BL  Louli  nllaj,  netr  Tbomioii ,  th>  buil  coDgloment*  of  tlw  Potidunli  iiDcon- 
fomuble  on  tha  Thonuon  (Tticoulc)  aUtea.    TenUi  MIddmoU  report,  p.  EU. 
f  SlEteedth  HfMnt,  pii.  U  4Dd  ST. 


DiqitizeabyGoOt^lc 


BTATB  GBOLOalST.  63 

offlieet  of  the  basic  Potsdam  eraptions,  in  the  area  of  the  orig- 
inal HoTooian  the  Theesalon  qoartzyte  is  generally  cnt  by  and 
buried  ander  an  emptlTe  of  a  slightly  different  kind,  more 
resembling  some  of  the  "traps"  of  the  later  epoch.  There  is 
reason  to  suppose  this  may  be  dne  to  one  of  two  cansee.  1  st.  That 
at  the  time  of  the  gabbro  flood  in  other  regions  the  area  of  the 
original  Hnronian  vas  exempt  (or  nearly  so)*  &om  emptive  dis- 
torbanoe,  and  that  the  later  basic  ontflows  took  place  there  after 
the  region  was  elevated  above  the  ocean;  or  2nd.  That  while 
typical  gabbro  rock  was  being  eztravasated  in  Minnesota,  and 
in  some  other  portions  of  the  country,  a  slightly  different  basic 
eruption  iras  taking  place  in  the  area  of  the  original  Hnronian. 
From  the  fiict  that  some  gabbro  rock  is  found  in  the  region  of 
the  original  Hnronian,  it  appears  that  the  former  of  these  hypoth- 
eses is  more  probably  correct,  and  that  there  as  veil  as  in  north- 
eastern Minnesota,  the  basic  diabase  and  finer  trap-rock  charao- 
t«ristic  of  the  most  of  the  Kewenawan,  vere  of  Bomevhat  later 
date  thxa  the  gabbro.  That  these  darker,  diabase  traps  issued 
at  some  date  after  the  gabbro  flood,  is  evinced  not  only  by  the 
dikes  of  the  former  that  cnt  the  latter,  but  also  by  the  remarka- 
ble pnddingBtones  of  gabbro  that  are  formed  by  the  inclosure  of 
Isolated,  transported  masses  within  the  diabasic  BheetB,t  seen 
in  the  vicinity  of  Beaver  Bay. 

This  basic  eruption  characterizes  this  geological  horizon 
th  :t>aghoat  its  extent  in  Minnesota,  but  toward  the  east  it  seems 
not  to  have  been  so  characteristic.  It  prevailed  in  some  parts 
of  Oanadat,  and  disturbances  in  the  so-called  "Quebec  group" 
appear  to  involve  this  horizon  of  rocks.  The  Adirondack  region 
has  not  been  examined  except  about  its  margin.  It  is  believed 
that  this  qnartzyte  exists  in  many  places  involved  with  the  gab- 
bro rocks  of  those  hills.  Its  outcrops  about  the  flanks  of  these 
hills  have  been  described  at  places  where  most  accessible  and 
named  Potsdam  sandstone.  These  descriptions  are  applicable 
to  this  qnartzyte  in  Minnesota — even  to  the  vitrified  snrfoces 
that  are  so  common  in  the  weet,§  and  which  are  not  known  to 

■Ob*  maD  knoti  of  (■bbro  wu  nvd  ntai  OtUr  Till  illliae.    Compm  Uttb  raport.  p.  ZO. 
)-  HOTwiiod,  In  Owan't  npoit  <m  Ion,  Wlieoniln  uid  lUDD««iti,  p.  Ht ;  tka  Hlntb  B*p. 
Mlaii.eBr.,pp.U^41;  Tsnth  Bqi  HInii.  Bar.,  pp.  Ill-lit. 

tOcolcgTorCBii«d>,iaM,iL41t,»U,STS,ST>;  QHlogjotNgw  Tork,  ISiS,  Matlier.    FartI, 

988,  p4gs  818,  foot  DOte.    OMlogj  ol  New  Yoik ;  Strand  di>> 
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have  been  seen  on  any  other  fonnatioQ  though  exposed  in  simi- 
lar circamstanoes. 

PoU-ffobbro  «rujrf«»w  of  the  Pottdam  age.  It  has  been  difflcolt 
to  affirm,  antil  recently,  the  age  of  the  gabbro  oatflow.  It  has 
generally  been  oonaidered  to  have  followed  the  Animike  (TaconioJ 
bnt  that  it  waa  later  than  the  commencement  of  the  Pobadam  tbs 
not  known  to  the  writer  till  he  made  the  observations  referred 
to  above.*  What  were  the  relations  of  the  later  basic  eruptions 
of"  the  "Kewenawan"  to  the  gabbro  has  been  described  by  Prof- 
Irving  and  by  numerous  other  observers.  There  is  no  reaaoji  to 
affirm  a  long  lapse  of  time  between  them,  suiKoient  to  allow  the 
formation  of  an  ooeanic  terrane  requiring  special  designation. 
The  later  eruptive  rock  embraced  and  probably  transported 
loosened  masses  from  the  gabbro,  as  evinced  in  the  "feldspar 
masses"  described  by  2forwood  near  Beaver  Bay  on  the  north 
shore  of  lake  Superior,  and  the  puddingstones  observed  by  the 
writer.  Bnt  this,  raUier  than  indicating  a  long  intervening 
time,  seems  to  imply  a  qolok  succession  in  the  eruptions,  or  else 
a  continued'  elevation  above  the  sea  so  as  to  prevent  the  acon- 
mnlation  of  iDterveuiDg  sediments.  That  there  was  no  exemp- 
tion from  sedimentation  after  the  gabbro  is  shown  by,  (1)  the 
absence  of  any  sign  of  ancient  land  surface,  (2)  by  the  contin- 
aed  and  freqnent  interbeddiog  of  eruptive  and  sedimentary 
rocks  through  the  entire  Kewennwan  (Geol.  of  Wis.  Vol.  Ill,  p. 
403),  and  (3)  by  the  gradual  transition  of  the  basal  conglom- 
erate of  the  Potsdam,  in  favorable  places,  from  a  siliceous,  or 
pebbly- quartzoee,  character,  through  a  siliceous  sandrock  to  a 
feldspathic  sandrook,  and  to  a  pebbly  volcanic  tuff.  Such  transi- 
tions are  firequent  on  the  north  shore  of  lake  Superior.  One  of 
the  most  important  observations  was  recorded  in  1879,t  when 
the  basal  quartzose  conglomerate  of  the  Potsdam  was  found, 
dipping  iu  consonance  with  the  shales  and  tufaceons  conglom- 
erates of  the  overlying  Kewenawan,  in  the  St.  Lonis  valley, 
unconformable  over  the  Thomson  slates,  and  embracing  lenticu- 
lar spots  of  shaly  rock  and  red  (Kewenawau)  conglomerate  as 
constituent  and  conformable  parts  of  itself.  This  shows  a  con- 
formable, though  somewhat  intermittent,  course  of  sedimenta- 
tion from  the  basal  conglomerate  into  the  typical  detritus  of  the 
overlying  beds  of  the  Keweuawan;  the  interruptions  and  the 
changes  in  the  nature  of  the  sedimentation  being  attributable  to 

•aiiteenth  innuil  report,  pp.itSiudSS. 
t  Tenth  report,  pp.  11,^.  S3. 
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the  emptlTe  distarbaaoefi  that  took  plaoe  in  the  a^joininfC 
regioDS.  It  will  be  seen  at  once  that  this  links  the  EeveDavan 
to  the  gabbro,  and  both  to  the  Potsdam. 

Acid  eruptUnu  during  the  PoUdam.  The  dynamic  foreee  that 
operated  to  bring  molten  basic  rock  to  the  sarfoce  of  the  earth 
in  northeastern  Minnesota  also  softened  the  acidic  atrat«  of  the 
soper-omst,  which  In  some  places  aeema  to  have  oalminated  in 
the  molten  protrasions  and  lateral  displacements  of  large  masses. 
TTheee  add  eraptiooB,  ranging  from  felsitio  to  granitic,  are  of 
limited  amonots  in  Minnesota  and  Wisconsin.  Sometimes  they 
are  in  contact  with  the  Taoonic  strata  as  at  Dalath  (lOtii 
Bep.  p.  108),  sometimes  with  the  Potsdam,*  and  sometimes  with 
the  basic  emptions  of  the  Fotsdam-t  Th^  are  seen  in  contact 
with  the  Taoonic  slates  of  the  original  Horonian  (16th  Beport), 
and  there  seem  to  be  the  direct  result  of  change  from  some  sedi- 
mentary, silioeons  strata. 

Whether  this  feature  of  the  Potadam  Is  i>erBiBtent  through 
«aBtem  Oanada,  and  in  New  England,  is  nnoertaio,  owing  to 
the  prevalence  of  definite  "  Lanrentian"  theories  as  to  the  age 
of  most  of  the  granitic  rock  that  geologists  have  studied  in  that 
part  of  the  country.  There  is,  however,  every  reason  to  afSrm 
ft  wideeprend  and  profoand  volcanic  disturbance,  extending  from 
tiie  Black  Hills,  at  least,  to  Vermont  and  eastern  Oanada,  that 
'  b^an  in  the  Potsdam  era  and  closed  with  that  era,  and  that 
some  of  its  results  in  the  forms  of  acid  as  welt  as  basic  eruptive 
rock,  as  mentioned  atwve  for  the  Northwest,  most  characterize 
this  formation  in  New  England,  there  is  good  reason  to  expect. 
Indeed  some  descriptions  of  such  phenomena  have  been  pub- 
lished. Dr.  Hitchcock  mentions  some  Potsdam  schists  that  con- 
tain "  veins  of  granite  whose  feldspar  is  labradorite"  (Oeol.  of 
Vermont,  Vol.  I,  p.  264).  There  are  many  instances  published 
where  Uie  slates  of  the  Taconic  inolading  the  granular  qnartz 
ore  so  placed  as  to  run  beneath  masses  of  granitic  rook,  but 
such  a  possibility  has  been  negatived  promptly  by  resort  to 
that  easy  hypothesis  of  a  fault,  to  bringup  the  "Laurentian." 
Dr.  Emmons  describee  such  instances.|  Similar  &cta  have  been 
mentioned  by  Proi^    C.   H.  Hitchcockg  in  New  Hampshire, 

•  &»aioa  ot  wiwoDiiD,  Vol.  II,  pp.  HI,  we,  m. 
tTtnth  UtniMMU  nport,  p.  IIIX 
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althongb  there  is  no  certainty  that  the  slates  described  by  him 
are  of  the  age  of  the  Taoonic  Prof.  Hitchcock  makes  it  very 
apparent  that  the  granites '  of  New  Eugland  cannot  all  be 
placed  in  the  Lanrentian  any  more  than  they  can  In  Minnesota. 
The  Potsdam  age  closed,  therefore,  with  the  cessation  of  tfae 
disturbances  and  volcanic  emptions  vhich  introdnced  it.  The' 
beds  that  were  formed  were  left  in  aptarned  and  fractured  atti- 
tades  for  tfae  attacks  of  the  saoceediDg  8t.  Croix  age.  These 
strata  embraced  not  only  the  basal  qnartzyte  of  the  Potsdam^ 
bnt  the  gabbro,  and  all  the  succeeding  emptions  that  are  found 
in  the  Keweenawan.  Here  voald  necessarily  appear  a  marked 
and  extended  plane  of  nnconformity,  and  this  fact,  when  enffi- 
ciently  recognized,  will  be  found  to  distinguish  the  rocks  at 
many  places -^whether  Potsdam  or  St.  Croix  —  and  be  a  criterion 
by  which  to  judge  of  their  Btratigraphio  place  in  the  geological 
column.  In  other  words,  the  Potsdam  is  unconformable  on  the 
older  gneiss  and  slates  and  schists,  and  is  cat  and  covered  by 
emptions  of  the  same  age  as  itself.  It  woold  not  normally  be 
found  ttnoonformable  on  rocks  of  its  own  age  over  wide  areaSr 
althoogh  contemporaneous  disturbance  might  certainly  produce 
local  nonconformity.  The  later  formations  may  show  non-oon- 
formity  over  wide  areas  of  the  rocks  of  tfae  Potsdam,  and  such 
we  find  to  be  the  &ct 

The  age  of  tKe  8t.  Oroix  sanddotU. 

That  it  may  be  made  plain  to  the  reader  jost  what  strata  are 
oonddered  by  the  writer  the  Potsdam  sandstone,  this  history 
may  be  carried  one  step  further.  This  is  the  more  necessary 
inasmuch  as  some  of  the  steiw  in  the  history  which  are  well 
known  iu  the  Northwest,  have  not  yet  been  recognized,  or  have 
not  been  admitted  as  focts,  by  most  of  those  who  have  examined 
the  geology  of  the  Champlain  valley.  It  appears  that  a  very 
widespread  succession  of  physical  cfaanges  affected  the  lower 
paleozoic  and  crystalline  terranes  in  America  with  a  uniformity 
of  effect  that  Is  surprising,  and  which  leads  to  very  serions- 
gaestioniug  of  the  doctrine  that  formations  can  not  be  recognized 
by  their  UUiology  from  place  to  place  because  of  the  liability  tO' 
physical  change.  There  is,  in  fact,  a  remarkable  persistence  of 
lithologio  characters,  and  of  stratigraphic  relationship,  between 
Minnesota  and  New  England.  The  satisfiiotory  establishment  of 
some  points  in  the  geology  of  the  Northwest  throws  much  lighfe- 
on  moot  points  in  the  geology  of  tfae  east.    While  most  of  theeo 
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coincddences  and  identities  haTe  to  be  reeerred  to  a  later  dis- 
COBslon,  one  of  the  most  intereBting  concerns  imni«diately  tb& 
formation  which  ts  under  consideration — the  St.  Oroix  mndttone 
of  the  Mississippi  ralley,  and  its  relation  to  the  Potsdam. 

The  separatenats  of  the  St.  OroixfroTn  the  Potniom.  It  has  already 
been  stated  tbat  some  coafosion  has  been  iatrodaced  by  the  ase 
of  the  tenu  Potsdam  by  different  writers  in  different  senses. 
This  began  with  theearly  descriptions  of  the  geology  of  eastern  Ifew 
York,  Vermont  and  Cuiada.  This  oonftiBion  was  one  of  the  most 
obtrnsive  problems  that  confronted  the  writer  in  1872  in  the 
preparation  of  bis  first  annnal  report.  In  order  that  a  more 
definite  understanding  might  attach  to  whatever  he  shoald  be 
Called  on  to  publish  respecting  this  horizon  be  chose  to  designate 
the  lower  formation  Potsdam  and  the  apper  one  St.  Oroiz,  and 
this  distinction  has  been  observed  in  the  later  pablioations.  If 
not  correct  it  has  at  least  served  to  give  deflniteness  to  alt 
his  descriptions. 

This  problem  was  given  pointedness  a  short  time  prior  to  the 
beginning  of  the  Minnesota  survey  by  the  writings  of  Prof.  R. 
D.  Irving,  who  had  shown  that  In  Wisconsin  the  upper  forma- 
rion  was  nnconformable  on  the  lower.*  Irving's  papers  on  the- 
Wisconsin  qnartzytes  proved  the  existence  of  twcAformations  in 
places  where  hitherto,  by  some,  there  had  been  supposed  to  be 
but  one,  and,  assuming  the  npper,  or  horizontal,  beds  to  be  the- 
Potsdam,  based  on  the  conjectures  of  Prof.  James  Hall  published 
in  the  Sixteenth  (N.  Y.)  Regents'  report,  he  announced  the 
upper  one  to  be  the  equivalent  of  the  Xew  York  formation  and 
the  lower  one  he  rel^ated  to  the  "  Hnronian,"  that  convenient 
limbo  to  which  it  has  been  customary  to  consign  uncertain  strag- 
glers from  the  upper  "  Silnrian  "  and  from  the  nether  "Laoren- 
tian."  It  was  not  presumed  at  that  time  that  the  geology  of  the 
Korthwest  would  be  found  totally  closely  with  that  of  Ne^  York, 
and  as  there  was  no  mention  of  such  a  great  "Haronian" 
quartzyte  there,  nor  in  S'ew  England,  the  presumption  was  that 
the  "Hnronian  "  was  a  formation  that  affected  Oanada  and  the 
Northwest,  and  that,  therefore,  this  great  northwestern  quartzyte 
would  not  be  found  farther  east  than  the  northern  shore  of  lake 
Haron.  Only  the  "Potsdam"  was  described  in  eastern  New 
York. 

Upon  poshing  the  distinction  fhrther  east,  however,  and  upoa 
making  a  widestady  of  the  older  terranes,  which,  when  better 

■An.  Jour.aeL,  Ftb.,  ISTt;  Aprti,  1812. 
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nnderatood,  are  fonnd  to  exhibit  a  anrprising  ooocord  of  eeseu- 
!tial  features  with  those  of  more  eastern  as  well  as  western 
re^oDs,  it  is  found  that  there  is  every  reason  to  bellere,  not 
■only  that  there  existe  the  same  great  underlying  qnartzyte  in 
New  England  and  eastern  New  York,  bat  that  there  are  anaus- 
-takable  evidences  of  the  same  non-eonformtty  between  it  and 
the  overlying  horizontal,  or  nearly  horizontal,  beds.  Moreover, 
it  is  equally  plaia,  on  making  an  examination  of  deecriptions 
that  have  been  published  by  the  eastern  geologists,  that  both  the 
formations  have  been  with  great  poaitiTeneas  called  Potsdam 
sandstone.  It  is  very  evident  that  no  little  misunderstanding 
has  resolted  from  a  foilure  to  observe  and  acknowledge  this 
important  line  of  non -conformity.  Bat  wherever  it  has  con- 
fronted the  geologist  in  Vermont  or  eastern  New  York,  it  has 
been  glided  over  indifferently  or  has  been  acoonnted  for  by  some 
outre  hypothesis,  such  as  "  overturn"  or  "  &ult,"  or  temporary 
"non-deposition,"  or  " metamorphism  from  contact  with  the 
Primary." 

In  order  to  support  this  statement  some  references  will  be 
made  to  the  published  descriptions  of  the  "Potsdam"  in  New 
York.  No  reference  will  be  made  to  the  Granular  Quartz  nor 
the  Bed  sandftone,  both  of  which  the  writer  believes,  as  the 
reader  will  have  observed,  are  identically  and  only,  the  Pots- 
■dam  formation;  but  to  some  statemeuts  concerning  the  "  PotS- 
-dam  sandstone"  as  understood  by  the  geologists  who  made 
them. 

Smmong.  In  his  report  on  the  geology  of  the  Second  District, 
1842,  Dr.  Emmons  usee  these  words  in  describing  the  Potsdam 
in  Essex  county — "In  oonseqnence  of  this  rock  presenting  two 
quite  distinct  varieties,  and  Uiose  varieties  being  veil  developed, 
the  one  at  Potsdam,  St.  Lawrence  county,  and  the  other  at 
Keesertlle,  I  have  sometimes  given  it  a  compound  name — the 
Fotsdam  and  KeeteviUe  ttmdUone;  for  the  reason  that  at  the  ibrmer 
place  a  beautifiil  granular  variety,  and  at  the  latter  a  harder  and 
more  crystalline  mass  predominates,  which  resembles  the  gran- 
ular quartz  of  the  Tacooic  8y^«m."  Near  Eeeseville  the  rock 
th^  outcrops  he  describes  as  ezhibitingsome  interesting  changes 
opon  the  surfoce  of  the  layers,  presenting  "a  smooth  and  semi- 
vitreous  snriuce —  a  kind  of  glazing;"  by  which  he  seems  to  have 
meant  the  same  polished  or  glazed  surface  that  appears  fro- 
•quentlyon  the  Potsdam  in  Minnesota.  It  is  plain,  therefore,  that 
Emmons   noted  the  contrasting  lithology,  bat,  so  far  as  the 
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'writer  has  obserred,  he  did  not  recognize  any  UBCODformity  in 
the  "Potadam,"  or  betveen  it  and  the  Oalciferons. 

E.  HiUAcock.  There  Ifi  not  mach  donbt  that  Dr.  Hitchoock 
noted  exactly  an  anconformity  between  the  two  formations  at 
TVeet  Haven  (GeoL  Verqiout,  Vol.  I,  p.  265),  bnt  he  r^arded 
the  lower  one  as  a  part  of  the  "  Lanrentian,"  and  the  upper  as 
thePotsdam.  Hestateethat  "theonly  wayof  dlstingaishing  the 
LanrenUan  character  of  the  [lover]  deposit  is  by  the  higher  dip 
of  its  strata,  open  which  the  Potsdam  sandstone  rests  nncon- 
formably.  A  section  passing  across  the  south  end  of  West 
Haven,  in  fig.  168,  represents  the  nnconformable  relations  of  the 
Lanrentian  rooks  and  the  Potedam  sandstone  to  each  other. 
Were  it  not  for  this  discordance  in  the  stratification  we  ahoold 
regard  the  lower  rock  as  Silarian  becaose  it  does  not  differ 
lithologically  from  the  sandstone  above.  Bnt  in  following  the 
strata  northwardly  the  qnartz  rock  becomes  more  gneiasoid. 
Some  of  the  specimens  in  the  cabinet  are  very  distinct  gneiss, 
one  of  them  with  the  labradorite,  the  charaoteristiu  species  of 
the  feldspar  of  the  Lanrentian  series." 

Let  the  reader  compare  the  description  of  the  "qnartz  rooks" 
of  the  Lanrentian  with  the  following  description  of  the  "Pots- 
dam" at  the  taiM  place.  >•  * 

"The  third  variety  very  closely  resembles  the  Lanrentian 
gneiss.  It  seems  to  pass  into  it  by  insensible  gradations.  The 
specimens  obtained  are  from  the  southwest  part  of  West  Haven. 
All  the  constitnente  of  this  rock  are  very  small,  and  occasionally 
the  feldspar  or  the  mica  may  be  wanting  *  *  *  Associated 
with  these  orystalliae  sohists  are  veins  of  granil'ie,  whose  feld- 
spar is  labradorite.  This  mineral  is  mostly  confined  to  rocks 
below  the  Bilnrian  system;  and  in  West  Haven  it  extends  only  s 
few  feet  into  the  base  of  the  Silnrian,  and  that  in  small  veins 
from  three  to  ten  inches  wide. 

'*The  noeonformability  of  the  dip  of  this  rock  to  the  Lanren- 
tian beneath  [sic}  may  be  seen  at  the  extreme  sonthem  point  of 
West  Haven.  Upon  the  lake,  opposite  the  termination  of  the 
railroad  the  dip  of  the  older  rock  la  36°  East,  and  only  a  few 
rods  east  the  dip  of  the  sandstone  is  only  9°  East.  As  the  sonth 
part  of  West  Haven  terminates  in  a  cliff  this  section  can  be 
seen  distinctly  from  quite  a  distance. '  The  rock  with  the  greater 
dip  is  as  distinctly  qaartz  rock  as  the  other,  and  there  is  also  a 
large  ledge  of  qnartz  rock  npon  the  west  side  of  lake  Ghamplaia 
with  the  same  inclination.     Hence  the  sndden  change  in  the  dip 
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IB  to  be  r^iarded  as  a  s^er  diBtinotiou  betreeu  the  Silarian  and 
Laarentian  eeries  tlian  a  difference  in  lithological  t^racter.'* 

Setting  aside  Dr.  Hitchcock's  identification,  either  of  the  fol- 
lowing interpretations  of  the  facts,  in  the  light  of  what  baa  since 
been  learned  of  the  geology  of  the  Taoonio  and  the  granular 
(jnartz,  wonld  be  possible.  (1)  The  lower  rock  is  the  Potsdam 
(granular  qaartz)  and  the  opper  is  the  St.  Oroix;  or  (3)  The  sop- 
poeed  anconfonnity  is  only  an  lllnslve  appearance  in  the  same 
formation,  perhaps  false  bedding,  or  oblique  stratification,  or  a 
sheeted  disint^ration  which  sometimes  ia  superinduced  by 
weathering  even  in  the  firmest  crystalline  rocks.  In  the  light 
of  fbrther  considerations  the  latter  explanation  seems  most 
probable. 

(a)  Prof.  C.  B.  Adams  had  stated  in  his  first  annual  report 
that  the  Potsdam  sandstone  only  reached  within  half  a  mile  of 
the  state  line  near  Whitehall,  and  did  not  enumerate  it  at  all  in 
his  table  of  Vermont  formations.*  If  this  were  true  it  would  be 
necessary  to  consider  this  Weet  Haven  quartzyte  as  the  Bed 
sandrook  or  the  granular  quartz.  Either  of  these  explanations, 
to  so  strong  an  opponent  of  tbe  Taoonic  as  Hitchcock  was  at 
that  time,t  wonld  be  avoided  if  possible.  For,  to  class  it  as  a 
part  of  the  Bed  sandrock  spar  tbttt  shoots  southward  from  the 
town  of  Monkton,  the  last  remnant  of  which  his  map  represents 
on  the  south  Hue  of  Orwell,  bearing  in  a  direction  toward  West 
Haven,  only  seventeen  miles  distant,  wonld  be  to  bring  the 
"Medina  sandstone"  below  the  Calciferons  which  exists  in  the 
immediate  vioinity  and  into  contact  with  the  Laarentian;  which 
would  necessitate  the  abandonment  of  the  "  metamorphic  "  idea 
that  the  Bed  sandrock  and  all  tbe  Taconie  rocks  were  changed 
conditions  of  the  Lower  and  Upper  Silurian  of  tbe  ChampMn 
system  of  Kew  York.  Also,  to  admit  thut  it  is  an  outcrop  of 
the  Graaalar  Quartz  of  Dr.  Emmons,  would  in  like  manner 
bring  the  Qranular  Quartz  beneath  the  Oalciferous  and  even 
um«nformably  beneath  another  sandstone  that  might  be  tbe 
Potsdam;  this  would  substantially  confirm  everytiiing  that 
Emmons  claimed  for  his  Taconie  These  alternatives  were 
clumsily  obviated  by  iutroduoiug  the  Laureutian.  That  this 
"Laarentian*'  is  the  gabbro  of  the  Potsdam  age  is  probable 
from  the  nature  of  the  ieldspar  which  it  is  said  to  contain. 

•FilW  rnnnml  report,  Oeologj  of  Vonnont,  1B«,  p.  61. 

t  II 1*  iTldint  t)ut  ■  chug*  or  oplnloD  wu  aiaoiBpliibed  la  Dr.  mtduork'i  mlDd  dDitoE 
"  na  of  thli  report.    Thli  li  IsUmMtd  -tn  Vol.  I,  p.  Ut. 
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W.  W.  Matiter.  So  fiur  aa  dlBcoverable  all  the  descriptions  of 
Potsdam  by  Frof.  M^;lieT*  apply  to  the  lower  or  qoartzyte  divi- 
sion.  He  notes  repeatedly  his  belief  that  the  Qranular  Quartz 
is  a  metamorphie  oonditioa  of  the  Potsdam. 

L.  Vanuxem  distinctly  mentions  the  same  varietlee  of  rock 
in  the  Potfidam  as  Dr.  Emmons,  and  employs  the  doable  deslg- 
natdon  "Potsdam  and  Keeseville  saudfitooe,"  bnt  he  mentions 
no  iiDOOnformity.  He  intimates,  hovever,  that  the  Potsdam,  in 
its  loose-textured  variety,  is  with  difficnlty  distingnished  from 
the  Oaldferons  sandrock.  The  latter  he  describes  at  unmeroos 
places  in  immediate  contact  on  the  primary. 

Sir  Wm.  Logan.  In  the  Geology  of  Oanada,  1863,  this  formation 
is  amplified  into  "Potsdam  group,"  and  includes  a  thickness,  on 
the  St.  lAwreuce  river,  of  540  feet.  This  groap  embraces  not 
only  the  true  Potsdam  but  several  beds  of  conglomerate,  white 
sandstone  suitable  for  glassmakiag,  focoidal  beds,  limestoneeand 
a  singnlar  breccia  like  that  described  by  Emmons  at  Ghazy  and 
said  to  separate  the  Potsdam  i^m  the  Caldferous.  The  fauna 
which  appertains  to  the  upper  layers  is  that  characteristic  of 
the  Oaldferons.  It  is  evident  that  the  true  Potsdam  is  here 
conibnnded  with  the  overlying  St.  Croiz-Calciferous,  and  that 
the  CaldferouB  is  restricted  in  the  words  of  Logan,  essentially, 
to  "a  granular  magnesiau  limestone  or  dolomite,  which  from  its 
rough  weathered  surface  and  slight  effervescence  with  acids  may 
have  suggested  the  name  of  Caloiferous  sandrock.''  In  the 
annual  reports  the  Potsdam  had  not  been  recognized  about  lake 
Huron;  but  the  lower  great  qnartzyte  had  been  induded,  along 
with  all  the  strata  equivalent  to  the  Taoonic  under  the  term 
Huronian.  His  opinion  of  some  qnarteyte  beds  on  Murray  bay 
which  at  first  Logan  regarded  as  Potsdam,  and  which  he  so 
described  (Oeol.  of  Gin.,  1863,  p.  96),  he  modified  by  addingafoot- 
note  stating  that  it  had  been  ascertained  by  Dr.  Dawson  that 
"  these  qnartzytes  really  belot^  to  the  Lanrentian  series." 

Jamea  SaU.  The  Potsdam  sanctetone  does  not  occur  in  the 
Fourth  District,  on  which  Mr.  Hall  reported,  bnt  he  examined 
it  on  the  north  side  of  lake  Ontario,  and  subsequently  on  lake 
Superior  and  in  the  Mississippi  valley.  His  g^ieral  description 
in  the  report  on  the  Fourth  District  is  such  as  would  apply  to 
the  lower  quartzitio  portion. 

In  the  lake  Superior  report  of  Foster  &  Whitney  (1851)  the 
step  which   was  inaugurated  by  Logan  in  the  creation  of  the 

•Oaolofj  of  Nav  Toik,  Pint  NMrM,  isa. 
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"  Potsdam  groap,"  embracing  the  qnartzyte  and  tlie  overlying 
sandstone  in  one  deeif^natioa,  vas  completed  by  the  entire 
severance  of  the  lower  formation  fh>m  the  name,  and  Ita  applica- 
tion only  to  the  npper  or  nearly  incoherent  sandstones.  At  the 
same  time  the  qaartzyte,  along  with  all  the  strata  of  the  Taconio 
associated  with  it,  were  incladed  in  the  "Azoic,''  embracing 
both  the  Lanrentian  and  Hnronian.  This  npward  movement  of 
the  names  of  the  Nffvr  York  formations,  is  shown  by  the  following 
words  (p.  114):  "TfaePotedam  sandstone  of  New  York  is  a 
quartzose  rock  whose  particles  are  firmly  aggregated,  while  the 
ttie  same  rock,  on  the  northern  slope  of  lake  Michigan,  is  so 
slightly  coherent,  that  it  may  be  cmshed  in  the  hand.  The 
Caldferona  sandstone  of  New  York,  when  traced  west,  paases- 
into  a  magnesian  limestone."  This  sapposed  change  in  the 
nature  of  the  formations  toward  the  west  is  largely  imaginary; 
the  change  seems  to  consist  rather  in  the  transference  of  the 
original  names  to  strata  higher  in  the  scale,  and  the  creation  of 
new  names  for  the  abandoned  strata.  All  the  aathors  of  thia 
report,  Inclnding  Prof.  James  Hall,  apply  the  name  Potsdam 
only  to  the  friable  sandM»nee  which  are  nnconformable  with  the 
Copper-bearing  traps  and  basalts  which,  as  already  shown,  are 
of  the  age  of  the  lower  qnartzyte. 

Ab  to  the  paleontology  of  t^e  Potsdam  in  New  York,  which  is 
quite  meagre  if  the  more  recent  additions  from  the  Oaltdferons  be 
disr^iarded,  an  interesting  problem  centres  on  t^e  fossils  Ungnla 
(Oboleila)  prima  and  (Lingnlepis)  antlqna.  By  Prof.  EaU. 
ttiese  are  assigaed  to  the  Potsdam.  In  respect  to  L.  prima  it  is 
reported  at  Keeseville  on  the  authority  of  Dr.  Emmons,  and  it 
is  reported  from  the  Mississippi  valley  on  the  8t.  Croiz  river. 
To  the  writer  the  St.  Croix  beds  have  been  known  for  some 
years  as  belonging  abont  to  the  horizon  of  the  Oalmferoos,  and 
they  hare  been  so  parallelized  by  Irving.*  The  Galciferons, 
here  inclnding  the  magnesian  limestone  known  as  Lower  Mag- 
nesian,  is  nnoonformable  on  the  trap  rock,  and,  in  common  with 
the  sandstone  underlying  it,  becomes  conglomeritlc  by  reason  of 
sndi  unconformable  contact.  The  beds  here  exposed  are  not  so 
low  as  the  lower  layers  at  Stillwater  where  the  first  specimen  of 
Dikellocepbalns  was  discovered  by  Dr.  Owen.  It  would  seem, 
therefore,  if  we  can  depend  on  the  indications  of  paleontological 
evidence,  that  the  Potsdam  at  Keeseville,  containing  Llngnla. 
prima  would  be  considered  suhstantiallytheparaUelof  tbeOalcif- 

•U.8.Q«^.Biv.   lloaogr.  V.  Cot>pa4n«lDtnNk,orUk«tiap«rtor,[kMl. 
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erons  bede  at  Taylor's  Falla  in  the  St  Croix  valley.  What  are- 
the  &ctBt  On  re-examining  Dr.  Emmoos'  descriptJon  of  thesand- 
Btone  on  the  An  Sable  rirer  in  hia  report  on  Essex  coanty,  he- 
says  that  tiiis  general  range  of  sandtiioue,  containing  the  Lingala- 
prima  according  to  Hall,  repoies  offainst  the kypergthme  rock,  (i.  e., 
tbe  gabbro)  and  contains  Ltngnla  antiqaa ;  and  Prof.  Hall  cor- 
rects this  indentiflcatiou  of  Emmons  by  saying  the  species- 
fignred  by  him  from  this  place  is  not  L.  antiqna  bat  L.  aoomin- 
ata  of  Conrad,  which  is  a  Calciferoos  species,  and  does  not 
occnr,  to  his  knowledge,  in  the  Potedam.*  Therefore  all  the 
evidence  from  paleontology  and  from  stratigraphy,  so  tar  as  it 
can  be  gathered  from  the  report  of  Emmons  and  the  first  vol- 
ame  of  the  Paleontology  of  Sew  York,  indicates  that  the  bedS' 
on  the  St.  Croix  are  the  equivalent  of  those  deeoribed  at  Keese- 
ville,  and  that  both  belong  to  the  Galciferons ;  at  least  that  they 
are  both  later  than  the  emptive  epoch  of  the  Potsdam  as  here 
limited. 

This  brief  examination  of  some  early  descriptions  of  the  Pots- 
dam of  ITev  York,  which  might  be  extended  to  Inclnde  several 
other  names,  is  snfhcient  to  prove  the  tmth  of  the  foregoing- 
statement  that  the  distinction  vhich  has  been  made  in  the  Kurth- 
west  ooald  with  propriety  also  be  made  in  the  East,  and  that  a 
plane  of  non-conformity  between  the  Potfidam  and  the  Cal- 
ciferons  extends  throngh  eastern  New  York  and  Vermont,  and 
that  there,  as  in  Minnesota,  the  npper  (St.  Croix)  sandstone  has- 
greater  afflliatioos  with  the  strata  that  succeeded  the  break  than, 
with  those  that  preceded  it. 

In  this  review  it  is  assumed  that  the  "  sandstone  at  Potsdam"' 
preceded  this  non'oonformity.  It  isevident  thatsome  re-exami- 
nation should  be  made  of  the  region  beforethis  can  be  considered, 
established.  Dr.  Emmons,  in  his  section  passing  from  Canton, 
to  Parishville  (Plate  ix.  Geol.  of  New  York)  shows  that  gneiss  ex- 
ists at  Potsdam  below  the  sandrock,  and  this  rock  he  always 
keeps  definitely  distinct  from  hyperiihene  rook,  which  he  argnes- 
was  elevated  at  a  later  date  than  the  Green  mountains.  The 
parallelism  of  position  between  the  Potedam  sandstone  at 
Potsdam,  and  the  Granular  Quartz,  in  tliis  respect,  both  lying- 
Qpon  the  gneiss,  not  only  indicatee  a  possible  parallelism  of  age, 
bnt  that  they  are  possibly  older  than  the  Keeeeville  sandstone- 
whioh  reete  against  the  hypersthene  rock. 

It  is  fbrther  assumed,  in  this  review,  at  least  in  making  the^ 

•Itlipatln  tbe*FDtjduigioap"br  Loi«i,OaGiLof  Cu.,  ieS9,p.  101. 
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extension  of  the  western  parallels  to  the  east,  that  the  gabbro  of 
the  Korthweat  is  the  ohroDologio  onalogae  of  the  hyperstbene 
rock  of  the  Adirondacks.  The  lithology  is  identieal,  except 
that  varions  "limestones"  are  mingled  with  the  hyperstheoe 
rock  which  have  not,  so  far  as  known,  any  parallels  in  the  gab- 
bro  of  the  Northwest.  This  assamed  parallelism  may  also  be 
6et  down  as  not  sufficiently  established. 

It  is  also  assamed  that  the  Pewabio  quartsyte  of  northea^ierQ 
Minnesota,  with  which  gabbro  is  interbedded  and  which  lies  below 
the  great  gabbro  overflow,  is  the  equivalent  of  the  Waoswangou- 
ing  qoartzyteand  of  the  Pipestone  qnartsyte  of  thesoathweetem 
part  of  the  state  carrying  a  primordial  &nna,  which  last  is  very 
certainly  the  equivalent  o  f  the  Theesalon  qnartzyte  of  the  original 
Hnronian.  Still  the  Pewabio  qnartzyte  may  not  hold  this  relation 
to  the  WaoBwaogoniDg  beds;  the  connection  has  not  been 
traced;  yet  they  seem  to  be  similarly  sitaated  with  respect 
to  the  gabbro  Edieet,  and  are  not  widely  separated  from  each 
other. 

The  writer  has  attempted  to  indicate  such  general  eqaivaleney 
as  has  appeared  to  him  probable,  and  which  embraces  a  greater 
fund  of  concordant  fact  and  testimony  than  any  other  scheme  of 
chronologic  snccession.  He  may  be  wrong  in  some  parts  of 
this  history,  and  especially  in  the  extension  of  the  story  as  made 
OQt  in  Minnesota  to  eastern  states,  and  holds  it,  in  large  measnre, 
as  tentative  at  this  stage  of  the  investigation.  When  focts  can 
be  fonnd  ont  saffloient  to  correct  it  in  any  way,  he  will  be  glad 
to  welcome  them,  for  he  freely  admits  that  there  are  questionable 
steps  and  missing  links  in  the  history,  which  have  to  be  bridged 
by  hypothesis  and  nothing  else.  That  is,  however,  the  nature  of 
all  investigation,  and  especially  of  all  attempts  to  formulate  any 
general  trath. 

PBOBLEMB  THAT  SEED  FURTHER  INVESTIGATION. 

As  already  stated,  as  this  inveetlgation  has  proceeded,  no 
sooner  did  we  sormount  the  difficulties  which  immediately  beset 
the  first  attempts  than  new  difficulties  appeared.  The  solution 
of  one  problem  seems  to  serve  for  vant^e  ground  to  behold 
others  in  the  greater  distance.  It  will  be  desirable  to' mention 
some  of  the  qaestions  that  appear  at  present  to  require  ftuther 
study,  and  farther  field-work.  This  will  distinguish  more  exactly 
the  status  of  our  present  knowledge,  or  body  of  truth  on  which 
we  rely,  from  the  realm  of  hypothesis  or  of  unfinished  work  and 
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research,  to  which  it  will  be  neceesary  to  devote  the  efforts  of  the 
sorvey  at  some  future  date. 

Eruptive  <md  sedimentary  Laurentian,  Beginning  with  the 
lanreotian,  aa  defined  above,  one  of  the  nnfloished  conrses  of 
^ndy  relates  to  the  distinctions,  both  geographic  and  ^roctnral 
and  pdtrographic,  between  the  emptive  masses  of  syenite,  or 
granite,  and  those  that  are  aapposed  to  have  resnlted  from 
change  t'n  situ  of  the  oldest  sediments.  This  will  involve  the 
ftirther  qnestion  whether  the  "  gneissic  stractore  "  is  necessary, 
or  even  possible,  in  a  truly  eruptive  rock.  Bat  first  of  all  it 
will  necessitate  a  correct  definition  of  the  term  "gaeissio  strao- 
tnre." 

There  are  three  distinct  ideas  that  have  been  confused  under 
the  term  gneiss,  or  gneissic  structure,  ^o  reference  is  made  here 
to  the  use  of  the  term  gneiss  as  a  rock  species,  but  to  the  struc- 
ture which  issupposed  to  distinguish  it,  the  proportionate  amounts 
of  the  usual  mineral  ingredients  being  variable,  and  sometimes 
constituting  a  dark-colored,  perhaps  basic,  rook,  and  at  other, 
times  an  acidic  one.  Beferring  only  to  structure,  therefore,  a 
rock  has  ^>een  said  to  be  gneissic  viien  foliated;  but  it  is  plain 
that  there  maybe  different  kinds  of  folit^iou,  (a)  that  lamination 
'  which  consists  of  an  undulating  layered  stmctare,  the  mioa 
«lement  not  being  oueveuly  distributed,  but  all  the  scoleB  being 
parallel  with  the  sheeting,  and  all  the  grain  of  the  rock  having 
a  uniform  structural  riftwhich  facilitates  quarrying.  If  there  be 
a  finer  lining  or  sheeting  of  the  mica  element  the  lines  or  sheets 
are  not  continuous  &r,  and  may  be  seen  to  fade  out  within  a 
^stance  of  a  foot  or  two.  That  is  to  say  this  foliation  does  not 
indicate  a  profound  separation  of  the  minerals  of  the  rock  into 
layers  or  long  continuous  ^eete.  (b)  A  second  sort  of  foliation 
is  that  which  arises  &om  a  distinct  separation  of  the  minerals  of 
the  rock,  or  different  proportions  of  the  constituent  minerals,  into 
sheets  or  strata  that  continue  over  long  distances.  Such  separa- 
tion is  indicated  on  the  weathered  sur&ces  by  ^lor-bands,  and 
by  petrographic  differences  of  grain  and  composition.  In  short 
this  foliation  is  plainly  a  modified  sedimentary  structure.  The 
sheete,  or  layers,  or  strata,  into  which  the  rook  is  separated,  are 
traceable  over  large  sur&oes.  Tbje  erystdline  condition  of  the 
grain  here  may  be  as  perfect  as  in  the  last,  and  this  constitutes 
the  "crystalline  schists;"  but  in  many  places  there  is  seen  an 
imperfect,  or  interrupted,  crystallization,  the  various  grains 
blending  round  their  borders  into  each  other,  or  being  lost  in  an    . 

ToL  III.— 8. 
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indefinite  matrix,  or  developing  porpbyroidally.  (c)  Still 
another  straotare  has  been  styled  gneiasio.  A  massive  homo- 
geneons  rook,  which  may  have  neither  of  the  foregoing  kinds  of 
foliation,  bnt  which  exhibits  the  micaceons  ot  horablendio  ele- 
ment evenly  distribnted  in  isolated  individual  grains  thronghoab 
the  vhole,  yet  is  seen  to  have  a  uniform  elongation  of  the  sepa- 
rate oryBtals,  of  all  kinds,  in  the  same  direction.  Tltis  fnrni8he» 
also  a  kind  of  rift  or  grain  which  pervades  the  mass,  rendering; 
it  easier  to  break  in  the  direction  parallel  with  the  greater 
diameters  of  the  crystals  than  in  any  other,  bat  it  is  eesestially 
a  massive  non-foliated  rock.  A  massive  stroctareless  granite,  or 
syenite,  is  rare  to  see.  Hence  by  for  the  greater  part  of  the 
Lanrentian,  whether  emptive  or  sedimentary,  is  -properly  styled 
gneiss.  It  is  obvions,  however,  that  these  three  stntotorea  should 
not  all  be  described  by  a  single  term. 

When  these  stmctnres  are  once  sufficiently  differentiated  ia 
the  mind  of  the  observer,  and  are  carefnlly  applied  in  descrip- 
tions, there  will  still  remain  to  ascertain  what  relations  they  sepa- 
rately sustain  to  the  supposed  two  sorts  of  Lanrentian  rocks,  i.  e. 
wheUier  one  or  the  other  may  be  found  to  characterize  the  act- 
ually eruptive  acid  Lanrentian,  or  the  metamorphosed  sedimen- 
tary Lanrentian. 

^ane$  of  kydro-thermai  futiori,  and  Otdr  nMion  to  the  oriffin  of 
lAe  crytitalline  adnata.  A  second  problem  connected  with  the  Lan- 
rentian, and  which  appears  prominently  in  the  horizon  of  fatur& 
research,  relates  to  the  origia  of  the  crystalline  schists. 

It  has  been  staled  above  that  t^ere  is  every  evidence  to  sup- 
pose that  the  emptive  epoch  which  Introduced  the  Vermilion 
age  (i.  e.  the  crystalline  sdiists)  continaed  into  the  Kewatin  (i.  e. 
the  seridtic  schists  and  graywackes)  by  an  nnbroken  and  uni- 
form succession  of  events  and  oceanic  deporats.  This  binds  the 
Vermilion  and  the  Kewatin,  historically,  closely  together.  It  has 
been  said  also  that  the  mineral  characters  of  the  Vermilion  fade 
out  very  slowly  into  those  of  the  Kewatin,  bnt  that  when  folly 
establi^ed  the  change  is  so  great  that  the  formations  have  great 
mineralogical  contrasts.  In  other  places  the  crystalline  schista 
have  a  very  feeble  development  at  the  horizon  where  they  would 
be  expected  to  appear,  and  the  Kewatin  graywacke-like  tedi- 
ments  pass  into  the  Lanrentian  sediments  through  a  gradual 
change  from  graywacke  to  gneiss — a  goein  harii^  the  second 
kind  of  foliation  described  above. 
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The  cTTStalliae  schists  aeem  to  be,  nearly  olways,  as  completely 
crystalline  as  the  gnelas.  If  the  origin  of  the  basic  sedimenta  of 
the  crystalline  Bohisbs  be  akin  to  that  of  the  sericitic  sediments 
of  the  Kewatin,viz.  &om  volcanic  ejectamenta,  the  qaery  qaickly 
arises — frhy  are  they  not  similar  in  the  reealting  rookst  Why 
are  the  crystalline  setiistB  so  uniformly  composed  of  the  same 
mioeralB  as  make  ap  gneiss,  though  differing  from  gneiss  in  the 
relative  amounts  of  those  minerals  and  in  tiie  evident  sedimen- 
tary stmctare,  while  the  Kewatin,  sericitic  schists  are  only  snb- 
crystalline  and  are  often  earthy?  la  it  not  planaible  to  snppose 
that  the  crystalline  schists  are  bnt  a  phase  of  the  earthy  Kewatin 
schists,  dae  to  the  encroachment  of  hydro-thermal  foalon-planes 
Dpon  themi  At  the  present  time  these  beds  all  stand  nearly 
vertical.  If  this  ftision  affected  them  after  this  verticality  was 
attained,  it  may  be  sopposed  that  the  approach  of  the  fnsion- 
plane  toward  the  sarfiaoe  of  the  earth  wonld  be  nearer  in  some 
places  than  in  others.  When  the  fbsion  was  accompanied  by 
fracture  more  or  less  of  the  fused  rock-matter  would  be  thrust 
through  the  fissoree  and  wonld  appear  as  eruptive  rock.  Since 
there  are  certainly  places  where  in  the  Eewatin  sediments  such 
fusion,  and  even  sach  eruption,  seems  to  have  resulted  from  the 
Eewatin  itself;  and  since  in  the  immediate  vicinity  the  sedi- 
ments adjoining  take  on  over  a  greater  or  lees  width,  the  charac- 
ters of  the  crystalliDe  schists,  fuid  at  other  places  the  crystalline 
schists  do  not  appear  where  the  Kewatin  sediments  exhibit  that 
peculiar  semi-crystalline  condition  which  has  been  mentioned  as 
"porphyrel,"  it  has  appeared  to  the  writer  that  very  likely  the 
crystalline  schists  have  no  constant  stratigraphic  place,  any 
more  than  the  Laurentian  gneiss,  and  that  the  "crystalline"  phase 
has  been  superinduced  in  ntu  on  basic  (or  add)  sediments  in  strata 
of  different  ages,  according  as,  after  being  deposited,  and  even 
after  being  tilted  to  verticality,  the  level  of  hydro-thermal  fusion 
was  able  to  reach  them  or  not.  Therefore,  withoat  any  undulat- 
ing of  the  actual  strata  in  anticlinal  and  synclinal  folds  (a  sup- 
position which  seems  to  be  precluded  in  some  places  by  the 
ezteoBive  present  vertical  position  of  all  the  strata),  there 
still  might  result,  superficially,  successive  belts  of  rocks  of 
different  kinds.  The  belts  wonld  express  the  effects  of  hydro- 
thermal  fusion,  perhaps  on  the  sune  sort  of  sediments,  in  differ- 
ent degrees  of  intensity.  Wherever  erosion  and  denndatio,n 
may  have  been  sofBdent  to  bring  the  present  sorfoce  down  to 
Uie  level  where  the  fnsion-plane  operated  in  its  inll  intensity, 
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there  we  shonld  find  the  present  snrface  rock  to  be  gneiss  if  tfae 
sediments  were  acidic,  crystalline  schist  if  the  sedimente  were 
partially  basic  and  stratiform,  or  eruptive  rock  if  there  were  Ab- 
sarm  through  which  such  conld  and  did  escape.  Where  the  sdt- 
faoe  erosion  has  not  been  sufBcient  to  expose  the  upward  (or  the 
downward)  andnlationB  in  the  plane  of  perfect  fiision,  we  find 
the  earthy,  or  volcanic,  or  siliceous,  sediments  more  nearly  in 
their  original  condition. 

Date  of  upheaval  of  the  erystaUine  schists.  Intimately  connected 
with  the  question  of  the  origin  of  the  crystalline  schists  is  the 
gnestion  of  their  date  relative  to  the  epoch  of  their  upheaval, 
and  the  further,  or  prior,  question  as  to  the  canse  of  the  very 
general  and  extensive  vertlcality  of  all  the  sedimentary  strata 
that  precede  the  Taoonic  (Huronian). 

Nature  and  origin  of  jasjpUyte.  Attention  has  been  called  to 
some  points  in  the  investigation  of  this  question  which  need 
farther  examinatdon. , 

Whatiaihe  "muscovado roekT"  and,  particularly,  does  it  rep- 
resent a  sedimentary  formation  younger  than  the  Kawishiwin 
and  older  titan  the  Taconio. 

OOHPAKI80N  OF  THESE   RESULTS   VTTH  THOSE  RBAOEED  ELSK- 

WHERE. 

Following  is  a  tabul^^d  statement  of  the  general  stratigraphy 

supposed  to  exist  in  Minnesota,   according  to  the  forgoing 

sketch. 

Calciferous.      Magnesian  limestones  and^   y,,,    ,        , 

sandstones >■  ^Ji^eioceph- 

8t.  Oroide.    Sandstones  and  shales )  W^honzon. 

Overlap  nnoonfonnity.  — " 

Potsdam.     Quartzyte,  gabbro,   red 

granite  and  Kewenawan Paradoxides  horizon. 

Overlap  unconformity.     '■   ' 

Taeome.    Black  and  gray  slates  and 
quartzytes,  iron  ore,  (Htu-onian,Ani- 

mike) OleQcllns  horizon. 

OvM*lap  unconformity.  "'  ' 

Kewatin    (including    the    Kawishiwin    or^ 
greenstone  belt,  with  its  jaspilyte),  Seri-  I 

citic  Bchiste  and  graywackes lArohean. 

Fer/Ri2i(m(Contchi^ing),crystallineschistB  [ 
Emptive  nnconformity. 


Laurmtian.     Gneiss. . . 
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Comparing  thia  with  the  reenlte  reached  by  the  late  WiBCOHBiu 
survey,  it  is  TouDd  to  differ  considerably  from  tbe  table  of  forma- 
tions pnblished  by  Prof.  Irving,  in  the  third  volame  of  the  final 
report  of  that  sarvey,  pp.  92  to  211,  Prof.  Irving  describes  the 
Lanrentian  as  composed  of  "  dark-colored  and  altered  (chloritic) 
hornblende- gneiesea  and  pink  qnartzose  granites."  These  he 
ooDsiders  very  evidently  originally  clastic  rocks,  withont  any 
recognizable  eraptive  portions,  and  to  lie  anconformably  belov 
the  BLuronian.  The  last  he  divides  inte  twenty-one  parts,  in  the 
same  manner  as  mf^or  Brooks,  in  his  report  on  the  geology  of 
Michigan.  The  aggregate  thloknees  is  supposed  to.be  abont 
12,800  feet  Bnt  in  this  thickness  be  indades  all  the  strata  from 
his  Lanrentian  to  his  Kevenawan,  viz.  in  descending  order: 

XXI.    Mica  scliist,  with  intrnsive  granite. 

XX.     Probably  mica  schist,  like  XXI. 

XIX.    Greenstone  schist. 

XYm  to  XY.  Alternations  of  black  mica-slate  and  dark 
gray  qoartzyte,  or  quartz  schist. 

Xrv,  Black  mica-slate.  This  and  the  last  are  carbon* 
aceooB. 

Xin.     Ohloritio  dioryte. 

XII.     Black  m^^etitic  mica-slate. 

XI.    Probably  mica-slate& 

X.    Mica'Blat«. 

rx.    Chlorite  dioryte. 

Vin.     Probably  mica-slate,  like  VIL 

Vn.    Mica-slatfc 

VI.  "Peoaliar  hornblende  rock,"  containin^r  also  quartz, 
apatite,  milky  orthoolaee  and  rare  plagioolase ;  also  bio< 
tite,  cat  by  pinkisb,  coarse,  granite  veins. 

V.    Black  feldspathic  slate,  carbonaoeoos. 

lY.  The  magnetic  belt;  made  np  of  banded  magnetitic 
qoartzyte,  magnetitic  qaartzyte,  magnetido  qnartz.slate, 
actinoUtic  magnetitic  qnartz-slate,  arenaceoos  to  com- 
pact and  flaky  qoartzyte,  thin-laminated,  soft,  black, 
magnetitic  slate,  hematitic  qoartzyte,  garnetiferons  ao- 
tinolite-schist  or  eologite  &4diist,  and  dioryte. 

HI.  Siliceotts  slate  or  schist,  a  light-gray,  soft,  mica-schist, 
sometimea  a  fine  quartzyte. 

II.     Arenaceoos  qnartzyte. 

I.    Crystalline  limestone. 
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For  greater  details  respecting  these  parts  the  reader  Is 
referred  to  Yol.  Ill,  Wisconsin  geolt^cal  report,  pp.  106-166. 

The  Kewenavan  system  Prof.  IrviDg  here  describes  as  con- 
sisting of  a  "lover  diTidon,  embracing  chiefly  great  flows  of 
gabbro,  diabase,  and  melaphyr,  and  an  apper  division  composed 
diiefly  of  reddish  felctepathio  sandstone,  snbordinate  to  which 
are  heavy  beds  of  boulder-conglomerate,  indurated  gray  and 
brown  qoartzlees  sandstone  and  black  sh^e."  Among  its 
emptive  rocks  he  includes  gabbro,  diabase  and  diabase  amygda- 
loid, melaphyr,  granite  and  porphyry,  the  last  being  possibly 
clastic.  Among  its  fragmental  he  notes  bonlder-conglomerate, 
black  and  gray  shales,  gray  and  brown  qaartzless  sandstone  and 
red  sandstone  and  shale. 

Unconformable  over  the  last  he  places  the  light-colored  "lake 
Superior  or  Potsdam  sandstone,"  which  he  considers  either  the 
"equivalent  or  downward  extension  of  the  Potsdam  sandstone 
series  of  the  Mississippi  valley." 

It  is  evident  that  in  this  description  there  is  inclnded  nothing 
that  answers  to  the  Kewatin  and  Kawishiwin.  It  appears  that 
a  feeble  representation  of  the  crystalline  schists  is  noted  in  con- 
nection with  the  Lanrentian,  as  "dark  hornblende  gneisses." 
Essentially  all  of  these  parts,  from  So.  I  to  No.  XX  indnsivo, 
are  the  Animike  of  northeastern  Minnesota,  the  real  Haronian 
without  the  overlying  Thessalon  qnartzyte.  According  to  obser- 
vations already  recorded  this  overlying  nnconformable  qnart^- 
yte  is  in  northern  Minnesota  interbedded  with  gabbro  sheets, 
and  the  great  gabbro  flood  lies  on  the  lower  portions  of  it  It  is 
a  natural  inference  that  in  an  epoch  of  saccessive  volcanic  erap- 
tion  like  that  which  followed  the  gabbro  outflow,  a  qoartzyte 
wonld  locally  lose  its  typical  character,  and  wonld  be  oonverted 
to  feldspathic  sandstones,  conglomerates  and  shales,  and  that 
these  wonld  be  interbedded  with  the  eruptive  sheets.  Such 
seems  to  have  been  tiie  case  in  northern  Wisconsin  and  in  north- 
eastern Minnesota  within  the  area  affected  by  this  remarkable 
series  of  eruptions.  But  in  central  Wisconsin,  as  well  as  in 
sontfaero  Minnesota,  and  in  S.  Dakota,  the  normal  conditions 
again  prevailed,  and  a  similar  quartzyte  is  found  to  exist, 
repeating  the  sedimentary  succession  that  obtains  in  the  area  of 
the  original  Huronian. 

The  peculiar  "mica  schists"  cut  by  intrusive  granite,  repre- 
sented to  overlie  al)  the  rest  of  the  Huronian,  seem  not  t«  have 
been  identified  in  Minnesota.    There  is,  in  connection  with  the 
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gabbro,  in  northeafiten  Minnesota  a  large  amonnt  of  red  gran- 
ite, paasing  to  felsyte  snob  ae  that  seen  at  the  Qreat  Palitadea,  on 
the  Dorth  shore  of  lake  Baperior.  It  is  possible  that  in  oonnec- 
tdon  with  this  granite  will  yet  be  foand  some  taicaceoos  BchiBts 
answering  to  tbeee  in  Wifioonsin,  the  resolt  of  metamorphism 
from  some  of  the  Animike  beds. 

Prof.  Charles  B.  Wright  and  nuyor  T.  B.  Brooks,  who  report, 
in  the  same  volnme,  on  some  of  tbe  eiystalline  rocks  of  Wisoon- 
sin,  present  sabstiuitially  t^e  same  classifloatioD.  Bat  they  dig* 
tinctly  include  tbe  "crystalline  schists"  in  the  Lanrentian. 
Brooks,  who  made  oat  this  order  first  in  the  Marqaette  r^on, 
and  gave  the  patta  sinilar  namerieal  desigaations,  groape  them 
in  three  principal  parte,  viz.: 

Upper  Swonian,  Beds  XIY  to  XX. 
Hica  slates,  mica  schists,  granites  and  gneissee. 

Mims  SmmAm,  Beds  VIZI  to  XIII. 
Qnartzytes,  day  slates  and  obseare  soft  schinte. 
iMoer  SurimuM,  Beds  I  to  VH. 
Qaartzyte,  marble,  iron  ore,  novacnlite. 

Brook's  atratigraphio  scfaeue  is  snbject  to  criticism,  and  is 
ambignoDS  and  certainly  incomplete,  although  for  a  pioneer 
attempt  to  set  the  stratigraphy  of  the  region  of  Marquette  into  a 
semblance  of  chronologioal  saccession  it  deserves  great  praise, 
for  it  supplies  the  first  general  classification  and  gives  form  to  a 
tangled  mass  of  variant  and  unfinished  observations  and  isolated 
&ct8  that  had  been  published  before.  Since  the  examinations 
made  by  Brooks  the  |rhoIe  coantry  has  been  much  cleared  op, 
many  new  openings  have  been  made  and  the  geology  is  much 
easier  to  ascertuu  with  certainty  than  ever  before.  Dr.  G. 
Bomlnger,  in  a  later  sorvey,  was  aided  by  some  of  these  advan- 
tages, and  in  some  instances  he  was  enabled  to  correct  the  strati- 
graphic  scheme  of  major  Brooks.  His  report,  however,  is,  aa  it 
professes  to  be,  mainly  a  description  of  facta,  without  much 
«ffi>rt  to  decipher  the  stratigraphy. 

X>r.  Bominger  heaitated  abont  placing  the  granitic  rocks  of  the 
Marqaette  district  as  the  parallel  of  the  I^urentian  of  Canada, 
^Hiough  he  regards  the  rest  of  the  series,  with  some  noteworthy 
differences,  aa  the  Haronian.  He  rejects  the  twenty  subdivis- 
ions made  by  Brooks,  as  altogether  too  nnmerons  and  somewhat 
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ra^e,  and  some  of  them  he  omite  from  the  aaccession,  regard- 
ing them  as  intmsive  masses  belonging  really  to  lover  horizons. 
The  two  qoartzyte  members,  of  Brooks,  he  considers  bat  one. 
With  Blight  exceptions  Dr.  Boouuger's  desoriptioos  and  classifi- 
cation are  in  accord  with  the  general  stratigraphy  and  all  the 
geology  of  the  Northwest  as  now  held  by  the  writer.  Those 
exceptions  consist,  principally,  in  dividing  the  strata  concerned 
into  two  distinct  formations,  separated  by  a  plane  of  onconform- 
ity  which  exists  everywhere  and  is  observable  (and  has  also 
been  mentioned  many  times  by  him),  in  the  iron  regions  of  both 
Minnesota  and  Michigan.  Bioobs  paid  bat  very  little  attention 
to  the  rocks  embraced  by  Bominger  in  his  serpentine  and  diorit- 
ic  groups.  Bat  these  constitute,  in  accordance  with  the  ood- 
elosions  of  this  report,  the  basement  floor  on  which  the  troe 
iron-bearing  formation  makes  an  unconformable  overlap  succes- 
sion, and  are  the  southern  representatives  of  the  sericitio  and 
chloritie  schists  and  graywaokes  of  the  Eewatin.  Another  im- 
portant difference  concerns  the  great  qnartzyte  of  the  Marqnette 
region.  Dr.  Bominger  considers  it  a  constituent  [mrt  of  the 
conformable  strata  of  the  Huronian.  I  think  safBeieat  evidence 
exists  for  removing  it  from  the  system  that  embraces  the  ore 
beds,  and  placing  it  as  an  unconformable  overlying  stratum,  the 
equivalent,  neverthelefis,  of  the  great  npper  quart^te  member 
ofthe  original  Huronian.  A^ain,  the  arenaceoos  slate  group, 
and  the  iron  group,  appear  to  the  writer  to  be,  if  not  identical, 
very  closely  associated  members  of  the  grand  series,  and  not 
worthy  of  separate  designation.  One  may  overlie  the  other,  io 
general,  bnt  they  probably  graduate  into  eaoh  other  Uthologi- 
oally  and  stratigraphically. 

In  making  comparisons,  however,  the 'most  interesting  are 
found  to  Bubsist  between  this  work  and  that  of  Mr.  A.  C.  Lawson, 
of  the  Canadian  survey.  In  the  examination  of  the  geology  of 
the  Lake  of  the  Woods  Mr.  Lawson  encoantered  a  series  of  rock^ 
which,  while  included  by  his  predecessors  in  the  Huronian,  dif- 
fered markedly  from  the  descriptions  ofthe  original  rocks  ofthe 
Huronian  as  published  by  the  Canadian  survey,  and  he  gave 
them  the  name  which  is  used  by  tbe  Minnesota  survey, — the 
"Keewatin."  These  he  inferred  to  lieun  conformably  below  the 
Animike,  found  farther  southeast,  and  they  were  subsequently 
traced  continuously  to  the  north  side  of  Oanflint  lake,  and  found 
to  become  there  the  very  same  strata  which  the  Minnesota 
survey  had  already  described  as  unconformable  below  the  Aoi- 
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mike,  bat  which,  however,  were  not  fally  wrought  out  by  the- 
MiDneeota  sarrey,  nor  identified  as  different  from  the  Hnronian. 
In  the  later  proeeoatioQ  of  the  work  in  AEinnesota  this  wide- 
spread aDconformity  has  been  fatly  recognized,  and  the  separate- 
nees  of  the  strata  above  it  from  those  below  haa  been  established 
beyond  all  question. 

A  still  farther  interesting  parallel  between  the  work  of  the 
Minnesota  surrey  and  that  of  Mr.  Lawson  consists  in  the  sepa- 
tatioQ  of  the  crystalline  schists  firom  the  Kewatin,  under  a^ 
distinct  name,  and  the  recognition  of  some  (at  least  local)  ancou- 
formity  due  to  eruptive  action  between  them  and  the  LanrentiaD 
gneiss.  Mr.  Lawson  gave  them  the  name  Coutchiching,  not 
including  in  them  the  basic  eruptive  rock  associated  at  this 
horizon,  and  this  survey,  about  the  same  time  applied  to  them 
the  name  Termilion,  but  included  in  them  all  the  eruptive  basic 
rook  which  appeared  to  grade  off  into  dark  and  hornblendie 
schists  and  to  micaceous  sdiists.  By  Mr.  LawBOn  this  eruptive 
belt  is  considered  as  of  later  date  than  the  schists,  and  perhaps- 
as  late  as  the  Kewenawan,  but  by  the  writer  it  is  regarded,  so 
&r  as  seen  in  Minaesota,  as  having  actually  preceded  the  crys- 
tiQline  schists,  and  really  to  be  the  most  ob'tmsive  agent  in  the 
introduction  of  the  lithology  that  characterizes  the  orystalline 
schists.  The  principal  emptive  rock  was  the  acid  Laurentian 
gneiss,  according  to  Lawson,  but  according  to  this  survey  it  waa 
the  basic  doleryte. 

There  are  minor  differenoes,  such  as  that  touching  the  eruptive 
nature  of  gneisses,  the  later  date  of  the  Lanrentian,  the  character 
of  the  thin,  interleaved,  gneissic  strata  between  thin  sheets  of 
mica  schists,  sometimes  reaching  100  or  mote  atternations,  and 
others,  which  will  fiirnish  subjects  for  fhture  research.  But  the 
general  concord,  in  the  main  results,  between  the  conclusions  of 
Mr.  Lawson,  and  those  expressed  already,  in  this  report,  on  the 
sucoession  of  the  principal  steps  in  Arohean  stratigraphy,  is. 
certainly  a  cause  of  satisfaction,  and  gives  corroborative  evidence 
of  the  oorreotness  of  the  conclusions  arrived  at. 

It  is  not  necessary  to  make  comparisons  twtween  these  results 
and  those  of  Xew  England  geologists.  There  is  not  sufficient 
evidence  yet-  that  the  New  England  crystalline  rocks  can  be 
assigned  unexceptionably  to  the  Archean.  It  has  not  escaped 
observation,  however,  that  there  are  many  general  concordances. 
Especially  is  this  true  of  the  report  on  the  New  Hampshire 
crystalline  rocks  by  Prof.  0.  H.  Hitchcock.  It  is  believed  by 
VoL  in— 10. 
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the  writer  tb^  the  same  strata  extend,  with  charaoteristdo  Uth- 
■alogy,  through  the  Ajcheao  terranee  of  Sew  EDgland,  and  that 
they  will  be  identified  by  and  by  with  all  the  necessary  evi- 
dence. 
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BEPOBT  OF  FIELD  OBSERVATIONS  MADE  DTIBING 
THE  SEASON  OF  1888,  IN  THE  lEON  BEGIONS  OF 
MINNESOTA. 

ByS.  Y.  "Winchdl. 

The  object  of  this  report  is  simply  to  place  on  record  the  fects 
observed  aod  noted  daring  the  saminer  of  1888  regarding  the 
geology  of  the  region  east  of  Tover,  paying  particular  attention 
to  the  iron  ore  depoaita.  Daring  the  months  of  Jnly,  August, 
-September  and  October  an  attempt  was  made  to  visit  all  the 
outcrops  of  iron  ore  east  and  sonth  of  Ely,  for  the  pnrpose  of 
making  notes,  collecting  specimens*  and  learning  the  relation  of 
Uie  ore  to  the  rocks  of  the  r^on,  as  well  as  its  extent  and  proba- 
ble .ralae.  In  many  cases  reported  by  explorers  and  so-called 
"experts"  itwae  fonnd  that  their  accoants  either  exaggerated 
greatly  the  amount  of  iron  ore  to  be  found  at  any  speoiAed 
place,  or  else  that  there  vas  no  iron  ore  there  at  all — ooth- 
iDg  bnt  iron-msted  rocks  or  beds  of  heavy  dark  dioryte,  or  even 
no  signs  of  iron  at  alL 

BegwH  traversed.  The  first  month  vas  spent  in  examining  the 
magnetio  ore  belt  which  lies  along  the  north  edge  of  the  gabbro 
and  the  south  side  of  the  Giant's  range.  A  party  consisting  of 
the  writer  and  Mr.  W.  D.  Willard,  of  the  State  University,  with 
Indian  packers,  went  overland  from  Birch  lake  to  the  Dnloth 
and  Iron  Bange  railroad  along  the  Giant's  range,  making  fre- 
quent croes-seotioDS  of  the  rocks  and  extunining  sdl  tiie  workings 
Id  the  magnetite  prosecnted  there  in  past  years.  After  retarn- 
ing  to  Birch  lake  the  same  belt  of  ore  was  followed  northeast- 
wardly into  Twp.  63-10  on  the  Eawishiwi  river. 

Daring  the  remainder  of  the  season  the  party  ted  by  Mr.  TJly. 
8.  Grant,  assisted  by  Mr.  A.  D.  Meeds  was  also  engaged  on  the 
investigation  of  the  iron  ores.  A  trip  soathward  to  lake  Supe- 
rior was  taken  throngh  an  unexplored  part  of  the  conntry,  and 
tiie  variooB  lakes  along  the  roate  were  examined.     The  parties 
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i^em  proceeded  to  Ganflint  lake  tmA  worked  for  a  month  sonth- 
weatwardly.  Mr.  Grant's  party  made  two  or  three  extended 
trips  to  the  Eioath  for  the  pnrpoee  of  risiting  reported  Iron  loca- 
tions, reaching  Brule  lake  and  lake  Alice  and  makiBg  notes  on 
the  geology  of  their  shores.  The  other  party  followed  the  north- 
em  edge  of  the  gabbro  to  connect  with  the  observations  made 
from  Birch  lake  northeastward,  (dosing  by  examining  some  of 
the  jasper  and  ore  beds  in  the  rioinity  of  Snowbank  lake. 

AJI  the  ontorops  of  magnetic  ore  that  oonld  be  learned  of  were 
visited, — with  the  ezoeptioa  of  one  or  two  remote  places  diffi- 
oalt  of  access  and  which  were  in  all  probability  in  the  gabbro. 
Also  a  great  many  exposures  of  hematite  were  examined  and 
many  new  facia  obtained  r^;ardlng  its  oconrrenoe  and  relations- 
to  the  sarronnding  rocks. 

The  importance  aasigned  by  many  of  the  explorers  to  a  small 
bed  of  jasper,  or  jasperold  rook  in  the  orystalUae  or  earthy 
schists,  is  often  amnsing.  On  the  strength  of  snoh  a  discovery 
they  will  recommend  the  purchase  of  extensive  tracts  of  land  and 
the  operation  of  a  diamond  drill  on  the  spot  or  in  the  vicinity; 
being  certain  that  the  presence  of  the  jasper — not  always  even 
in  aitu — is  a  sore  indication  of  the  proximity  of  a  valuable  body 
of  ore.  They  do  not  seem  to  realize  that  jasper  is  not  iron  ore 
and  that  a  mountain  of  jasper  is  no  sign,  in  itself,  of  iron  ore  any 
more  than  of  any  other  mineral. 

Another  erroneous  idea  which  has  gained  prevalence  is  that  a 
bed  of  ore  is  sure  to  improve  the  &rther  it  is  followed  toward 
the  center  of  the  earth.  The  contrary  is  often  true,  and  it  is 
evident  QiOb  while  the  grade  of  the  ore  may  improve  and  the 
quantity  of  it  may  increase  with  the  depth  of  a  shaft,  yet  there 
is  no  reason  to  expect  such  a  thing.  Therefore  it  is  a  poor  in- 
vestment to  buy  land— or  rock — which  contains  a  small  per 
cent  of  iron  on  top,  and  base  hopes  of  a  paying  investment  on 
the  expectation  of  finding  it  to  be  high  grade  ore  60  or  100  feet 
from  the  surfoce. 

It  is  surprising  what  credit  is  given  by  capitalists  to  any  man, 
who,  with  no  knowledge  whatever  of  mineralogy  or  geology, 
and  therefore  no  judge  of  the  probability  of  finding  ore  in  a  cer- 
tain locaUty,  has,  however,  the  assorance  to  tell  them  that  there 
is  iron  in  sach  and  such  a  plaoe  if  they  will  only  put  in  a  shaft 
and  "open  up  the  mine."  Onthe  strength  of  sock  recommen- 
dations as  these  thousands  of  acres  of  land  hare  been  bought  at 
a  high  price,  which  are  utterly  destitute  of  iron  ore  and  are. 
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perhaps,  nothing  bat  cedar  Bw&mps  or  hills  of  bare  rock;  and  in 
man;  places  there  are  abandoned  pits  and  madkiner?  where  not 
only  shafts  but  fortunes  hare  been  sank  in  hasty  and  profitless- 
prospecting  and  blasting.  The  machinery  and  snppliea  have 
been  "packed"  thither  at  great  expense,  and  men  employed  at 
high  wages  to  dig  for  iron  when  a  person  who  is  at  all  aoqnninted 
with  the  geology  of  the  r^on  would  have  told  in  a  short  time 
that  there  was  no  use  whatever  in  spending  a  cent.  In  two  or 
three  places  shafts  were  seen  sunk  in  greenstone  where  there  was. 
not  the  slighteet  Indication  of  iron  nor  even  a  bit  of  jasper  to 
mislead  the  anxious  searcher  for  wealth;  all  beoaose  it  was  "on 
the  iron  range." 

Sncfa  hasty,  ill-advised  proceedings  always  serve  to  bring  a 
r^oD,  DO  matter  how  valuable  in  reality,  into  disrepnte,  and  to- 
weaken  the  confidence  of  capitalists  all  over  the  country  who 
attribate  these  losses  and  &ilnree  to  the  wrong  oaose  and  are, 
therefore,  deterred  from  investing  their  own  capital  in  the  really 
valuable  and  profitable  localities. 

But  however  maoh  money  may  have  been  hopelessly  squan- 
dered in  the  search  for  iron  in  barren  regions,  yet  a  great  deal 
has  been  employed  in  the  development  of  new  and  rich  iron 
deposits  daring  the  past  year.  The  D.  &  L  B.  B.  has  been 
extended  26  miles  to  Ely,  soath  of  Long  lake,  f^m  which  place- 
were  tthipped  1,200  tons  of  ore  daily  for  about  two  months  of  last 
season.  This  ore  all  came  fi:om  the  Chandler  mine,  which  has 
put  in  a  fine  plant  of  machinery  and  hoisting  apparatus  and  will 
be  ready  for  much  larger  shipments  next  year.  The  Pioneer 
and  Zenith  mines  will  also  be  in  a  condition  to  produce  a  large 
amount  of  high  grade  ore  in  1889.  These  mines  are  located  east 
of  the  Chandler  at  Ely.  At  several  other  places  in  the  samo 
vicanity  large  crews  of  men  have  been  at  work  uncovering  and 
opening  up  promising  deposits  of  iron  ore. 

There  has  also  been  some  attention  paid  to  the  Animiko 
magnetite,  and  in  several  places  around  Birch  lake  shafts  and 
drillings  have  been  made.  None  of  these,  however,  seem  to- 
have  met  with  sacoess,  as  the  ore  is  not  foond  in  paying  qnantity. 

More  extensive  ore-beds  have  been  found  west  of  Ganfiint- 
lake  in  Twp.  66-1  than  elsewhere  in  this  formation.  Work  will 
be  commenced  in  this  region  as  soon  as  railroad  Eacilities  can  be 
obtained.  In  the  following  notes  each  of  these  outcrops  and 
workings  is  described  in  detail. 

£tincipal  vtwietie$  of  iron  ore.     It  is  well  known  by  those 


DiqitizeabyGoOt^lc 


so  BEV£NT££NTH  ANNITiX  BEPOBT 

fomiliar  with  the  geology  of  northea^ierQ  Minnesota  that  there 
are  three  principal  kinds  of  iron  ore.  These  are  foand  in  con- 
nection with  three  different  formations.  The  Gnst  kind  is  red 
hematite  whidi  is  found  interbedded  with  jasper  in  folded  and 
onunpled  beds  that  ocoor  in  what  lias  been  called  the  Eeewatin 
formation.  This  ia  the  ore  which  has  been  mined  so  extensively 
and  is  in  snoh  demand  by  the  manufacturers  of  steel  nsing  the 
Bessemer  process.  Hany  analyses  have  been  published  hereto- 
fore. The  second  kind  is  a  fine-grained  glistening  magnetite 
which  is  generally  found  in  nearly  horizontal  beds  of  qnartzyte 
supposed  to  be  a  part  of  the  Horonian  formatioo.  This  is  the 
ore  which  was  firat  worked  before  the  Vermilion  lake  ore  had 
been  thoroughly  tested  or  investigated.  It  has  not  been  found 
in  qnantities  sufficient  to  pay  for  mining  until  qoite.  recently 
when  large  beds  of  it,  west  of  Qnufiiut  lake,  have  been  pene- 
trated by  diamond  drills.  This  is  a  high  grade  ore  and  contains 
no  titauinm.  Au  analysis  of  a  specimen  fix>m  N.  E.  t  sec.  23, 
'60-13  gave  the  following,  according  to  Mr.  C.  F.  Sidener: 

Ptratat. 

Silica,  Si  O, 11.89 

Alnmiua,  AI3O, ~  .34 

Magnetic  oxid«  of  iron,  Fe,Ot 67.00 

Lime,  CaO 20 

Magneeia,  MgO. 80 

Titanium,  Ti - Non« 

Pfaocphorns.  P. 056 

5olphnr,  S Ti»ceB 

1O0.21S 
Metallic  iron,  Fe 03.07 

The  third  variety  of  iron  ore  is  also  magnetite.  It  ia  coarse 
and  has  a  duller  lustre  than  the  Auimike  ore  and  is  not  so 
strongly  magnetic.  It  is  found  in  many  places  in  the  gabbro, 
-which  sometimes  contains  so  much  of  it  that  it  seems  to  be  pure 
magnetite.  This  ore  almost  always  contains  a  large  amount  of 
titanic  acid  which  ruins  it  for  merchantable  ore,  with  only 
present  methods  of  reduction.  Immense  deposits  of  this  titanif- 
■erous  ore  are'found,  and  most  of  them  have  been  purchased  from 
the  TJ.  8.  government  in  the  hope  of  being  able  to  ooudnct  remu- 
nerative mining  operations.  When  a  method  for  reducing  titan- 
iferoos  ores  cheaply  is  discovered  such  iron  ore  will  be  valuable; 
bnt  until  then  it  is  worthless. 
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-  An  analysis  of  a  sample  of  fcbis  ore  from  sec.  36,  63-10  aa 
Teported  by  Mr.  C.  F.  Sidener  is: 

«ili<»,  BiO,„ 11.37 

Alnmina,  A1,0,_„ 1,32 

Hagnetic  oxide  of  u«n,Fe,0, 63.33 

Protoxide  of  iron,  FeO 14.42 

Oxide  of  tituiiiuD,  TiO, 16.03 

Lim«,CBO 10 

MaKHBHift,  MgO 2.73 

PhoapboiiiB,  P 01 

SnlptiDr,  S- TiRces 

99.31 

Metallic  iron,Fe 49.40 

These  are  the  principal  kinds  of  ore.  Bat  there  are  Tarioos 
modifioationa  and  combinations  of  them  which  voold  not  come 
strictly  ander  any  one  of  the  three  heads.  There  are,  for 
instance,  magnetite  beds  in  tiie  Keewatin;  sometimes  mixed 
with  hematite;  sometimes  all  ma^etite.  On  the  other  hand 
there  is  hematite  and  even  limonite  in  the  Anlmike;  and  there 
are  extensive  fragments  of  tlie  Animike  formation  inclosed  in 
the  gabbro  which  thus  appears,  on  a  hasty  examination,  to  con- 
tain  non-titaniferons,  fine-grained  magnetite.  The  gabbro  is 
thus  fonnd  to  be  the  only  rock  which  E^ways  contains  the  same 
kind  of  iron  ore — (titaniferons  t)  magnetite. 

giant's  banoe. 

The  firat  work  of  the  season  was  done,  as  ahore  stated,  on  the 
^enite  range  south  and  southwest  of  Birch  lake.  The  trail 
which  leads  from  the  lake  to  the  Dolnth  and  Iron  Bange  B.  B. 
etarts  from  the  sandy  bay  in  sec.  32,  61-12.  It  runs  nearly  sonth 
for  two  or  three  miles  after  becoming  established.  It  is  a  poor 
trul  bet  grows  better  as  the  railroad  is  approached.  Booth  from 
Bindi  lake  the  country  rises  rapidly,  and  the  aneroid  indicated 
a  hight  of  225  feet  at  a  point  a  mile  and  a  half  f^m  the  lake. 
Bidgee  composed  of  drift  containing  syenite  boulders  are  crossed 
until  in  the  S.  W.  1^  sec  8, 60-12  a  ridge  of  massive  syenite  rises 
quite  suddenly  over  200  feet  more.  This  is  the  Giants'  range, 
460  feet  by  aneroid  above  Birch  lake.  Before  reaching  the 
ridge  some  huge  boulders  of  syenite  and  dioryte  are  seen.  This 
ridge  is  here  composed  of  coarse  reddish  ^enite  containing 
ToL  m— 11. 
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muoh  blae,  chalcedonic  qoartz  in  grains  one-qoarter  of  an  inch, 
in  diameter.  The  pink  orthoolase  ia  freqaently  porphyritic^ 
The  hornblende  is  somevhat  decayed  in  all  the  Bj^ecimens- 
observed,  probably  becanse  they  oame  &om  near  the  weathered 
Bnr&ce.    Samples  of  this  rock  are  367, 

The  drift  on  the  north  side  of  the  lidgie  is  reddish  and  con- 
tains many  boalders.  On  the  soath  side  of  the  syenite  ridge  the 
land  is  from  100  to  150  feet  lover  than  the  sommit  of  the  ridge. 
Some  immense  bonlders  are  seen. 

At  i  mile  aoath  of  the  S.  E.  oomer  seo.  7,  60-12  there  are- 
seen  nnmerouB  angnlar  fragments  of  olivinitie  m^netite  pro- 
jecting through  the  moss.  These  pieces  contain  thin  strata  of 
good  iron  ore;  they  seem  to  lie  jnst  on  top  of  the  solid  rock  and 
to  have  been  moved  firom  their  original  place  by  the  action  of 
ttoeb.    Samples  are  nombered  368. 

The  trail  leads  through  a  swamp  for  the  next  half  mile.  Jnst 
north  of  the  small  creek  which  crosses  the  line  between  sees.  17' 
and  18,  60-12  there  is  an  exposure  of  solid  rock.  It  lies  in  strata 
which  dip  S.  8.Ej.  10°-12°.  The  rock  is  oUvinitio  and  contains- 
oonsiderable  magnetite  both' as  a  constituent  of  the  rock  itself  and. 
in  veins  which  coincide  nearly  with  the  direction  of  the  bed- 
ding. This  rock  looks  much  like  a  qoartzyte  bat  contains  a. 
lat^  proportion  of  olivine.  Samples  firom  here — S.  W.  i,  S^ 
W.  i  sec  17,  60-12  — are  359.  The  rook  is  finegrained  and 
greenish;  it  is  overlain  by  a  very  light  covering  of  drift. 

Bock  similar  to  the  last  is  exposed  in  places  as  &r  sou^i  as  th& 
E.  quarter  post  sec  19,  60-12,  The  needle  dips  about  K.  50?" 
over  this  entire  distance. 

In  the  N.  E.  corner  of  sec.  19,  60-'12  is  a  sIaA  about  ten  feet 
deep.  Indian  John  Beargrease  says  it  was  dug  about  14  years- 
ago  by  P^er  Mitchell.  After  penetrating  about  five  feet  of 
drift  the  bed  rock  is  encountered.  It  is  Uie  same  greenish,  oU- 
vinitio qoartzyte  containing  magnetite.  The  needle  dips  N".  67°.- 
Specimens  from  here  are  360.     Some  of  this  rook  is  slaty^  361, 

Another  shaft  has  been  made  in  K.  W.  i  of  S.  E.  i  sec.  19^ 
60-12.  The  rock  here  is  quite  similar  to  the  last;  some  of  ib 
is  very  thin-bedded.  A  sample  from  this  shaft  lowing  fiuO' 
stratification  is  362.  There  is  very  little  good  ore  visible  "kere, 
though  the  needle  dips  90°. 

A  smoothed,  black  exposure  of  fermginoos  qiuotzyte  several 
acres  in  extent,  appears  on  the  snr&oe  of  the  ground  in  the  K. 
W.  1  of  N.  E.  i  sec.  19,  60-12.    The  rook  and  magnetite  both 
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weather  ahiay  black,  and  the  metallic  lastre  gives  one  the  idea 
that  he  is  standiDg  on  a  hill  of  pure  iron.  Sample  of  g5od  ore 
from  here  is  363. 

In  the  N.  W.  i  sec.  19,  60-12  there  is  a  ridge  composed  of 
syenite  boulders  three  to  ten  feet  in  diameter.  This  ridge  is  50 
feet  high  and  extends  for  half  a  mile  at  least  rtmaiBg  nearly 
east  and  west.  It  is  wonderful  to  see  these  immense  roonded 
masses  of  syenite  (one  bonlder  of  qaartzyte  was  seen  among 
them)  piled  ap  on  top  of  each  other  with  oreTices  ten  or  fifteen 
feet  deep  between  tbem.  Ko  rock  is  seen  in  the  woods  on  the 
Bonth  side  of  this  ridge,  with  the  exception  of  a  few  boulders. 
This  moraine  seems  to  lie  just  sondi  of  the  magnetic  quartzyte. 

iron  UAe.  Tias  small  l^e  is  one  of  the  few  bodies  of  water 
that  lie  soath  ofthesnmmitof  the  Giant's  range  and  yet  nearly 
aa  elevated  as  the  range.  It  is  sitoated  in  sees.  13, 14,  23  and  24, 
60-13.  Its  shore  is  anrronnded  by  boulders,  mostly  syenite,  from 
the  ridge  north  of  thelake.  Therearealso,  however,  many  angular 
pieces  of  magnetiUc  qnartzyte.  This  rock  contains  less  olivine 
here  than  a  few  miles  farther  east.  A  few  boulders  of  a  quartz 
conglomerate  with  a  green  matrix  were  seen  oo  the  east  side  of 
the  laka  in  the  K.  W.  i  sec.  24,  60-13,  So.  364. 

A  short  distance  east  of  the  lake,  in  the  K.  W.  i  sec  24,  60-13 
the  bed  rock  was  exposed  in  the  hilMde  b;  a  windfalL  It  is  the 
usual  black,  magnetitio  rook  lying  in  nearly  horizontal  strata. 
Some  of  the  rook  here  is  reddish  and  jaspery;  there  is  also  a  oon- 
glomeritie  aspect  in  places.  Sometimes  the  rock  is  slaty  in 
thin,  black,  parallel  strata  that  are  quite  straight  for  a  rod  or 
more.  Again  the  iron  seems  to  be  in  veins  which  do  not  conform 
strictly  to  the  general  planes  of  stratification.  The  following 
cat  is  ftom  the  perpendicular  boe  of  a  ledge  In  K.  W.  i  see.  24, 

60-xa 
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Tlg.l.—  Vti*tiifmagiiitittintntnMAiitmiluroek. 

A  short  distance  "S.  W.  or  X.  of  last  the  ledge  Is  exposed  in  a 
perpendioolar  wall  8  feet  high  and  a  couple  of  rode  long.  It  is 
in  ttiick  black  beds  that  have  a  high  specific  graTity  and  are 
crystalline  with  a  dark  mineral  that  may  be  hornblende,  Ko,  365. 

Near  the  north  end  of  Iron  lake,  in  8.  W.  i  sec.  13,  60-13, 
the  magnetitic  quartzyte  nndergoee  a  qaeer  metamorphosis. 
It  still  lies  in  nearly  horizontal  beds;  bat  it  gradually  becomes 
less  highly  charged  with  magnetite,  aoqairee  feldspatbic  and 
qnartzose  materials  and  finally  is  changed  to  a  regular,  reddish 
crystalline  rock  which  is  the  syenite  of  the  Giant's  range.  The 
lowest  beds  are  the  most 'perfectly  crsrstalUne.  Before  the  trans- 
ition becomes  complete  the  Animike  rook  appears  to  be  fetd- 
spathic  in  spots  as  if  there  were  boulders  of  syenite  in  it,  bot 
lower  down  the  beds  become  wholly  syenitic  The  quartz  grains 
that  are  first  seen  in  the  greenish  Animike  rock  have  the  same 
bluish  translucent  appearance  as  those  in  the  syenite  which  lies 
just  north.  This  change  is  illnetrated  by  specimens  numbered 
366. 

The  quartz  grains  are  seen  beforr  the  feldspar.    There  are  also 
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portionB  of  the  Anlmike  which  are  conglomeritio  and  are  the 
same  aa  the  pecnliar  conglomerate,  364.  A.  sample  which  con- 
tains part  of  a  felaitio  boulder  is  367.  The  dip  needle  is  bat 
slightly  affected  here. 

SorUi  of  Iron  lake  the  land  does  not  rise  suddenly;  bat  there 
is  a  gradnal  upward  slope  for  abont  half  a  mile  when  thesammit 
of  the  range  is  reached  and  there  is  an  abmpt  descent  of  200  feet 
or  more.  Syenite  containing  a  little  biotite  is  seen  in  the  bloff 
OD  the  north  side  of  the  range.  One  sample  from  the  N.  E.  i 
sec.  14,  60-13  is  368. 

There  are  no  exposures  of  solid  rook  on  the  N.  W.  side  of  Iron 
lake.  Oq  the  B.  W.  side  in  the  K.  E.  i  sea  23,  60-13  there  is  a 
ledge  of  black  magn^ic  rock,  369.  It  presents  the  nsual  char- 
acteristic aspects  of  Qas  fbrmation;  lying  in  nearly  horizontal 
strata  and  containing  more  or  less  magnetite  which  gives  a  dark 
color  to  the  rock. 

Iron  lake  is  nearly  as  elevated  as  the  summit  of  the  Giaafs 
ruige.  The  black  rock  on  the  north  side  of  the  lake  is  dose 
above  tlie  syenite;  and  the  change  which  was  observed  to  have 
taken  place  mast  be  mainly  in  the  nature  of  a  fragmental  transi- 
tion rather  than  a  metamorphic  one,  i.  e..  the  gradual  increase 
within  .the  Animike  of  the  feldspathio  and  qaartzose  materiak 
mnstbedne  to  the  foot  that  there  wasmore  or  lessdebris  derived 
from  the  crystalline  ridge  on  the  north  which  was  covered  up  by 
the  Animike  deposits  and  by  subsequent  metamorphism  incor- 
porated closely  into  them.  That  this  metamorphosing  prooeas 
was  in  the  natnre  of  a  slow  rearrangment  and  reuniting  of  the 
minend  oonstituente  rather  than  of  a  violent  and  more  sudden 
disturbance  seems  to  be  indicated  by  the  comparatively  undis- 
torbed  position  of  the  strata. 

Mr.  'Willard  went  south  from  the  lake  through  the  S.  W.  i 
seo.  23,  and  the  W.  )  sec  26,  60-13.  He  reports  fragments  and 
low  outcrops  of  the  dark  iron  ore  rook  all  the  way  to  the  swfunp 
in  the  :!7.  W.  }  sec  36,  60-13.  Sample  from  that  locality  is  370. 
It  ia  tongh,  black,  heavy  rock  and  contains  probably  45  per 
oent  (T)  of  iron. 

The  percentage  of  iron  in  the  rock  appears  to  grow  less  going 
westward  from  Dunka  river;toward  the  northern  e^e  and  west- 
ward there  is  also  less  olivine  and  more  quartz.  Fragmenia  of 
red  jasper  are  seen  all  along  the  trail.  These  may  have  been 
transported  from  north  of  the  Giant^s  range,  although  red  jasper 
and  qoartzyte  have  been  seen  in  the  Animike  formation  in  this 
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region.  Pieces  of  porpbyritic  rock  that  look  as  if  they  belong  to 
the  same  formatioa  near  ita  contact  with  the  syenite  are  also 
seen  alon^  the  trail. 

Some  pnre  qnartzyte  containing,  hovever,  a  small  amount  of 
magnetite,  is  foand  in  angolar  fr^ments.  A  sample  of  reddish- 
gray  qnartzyte  &om  N.  W.  t  sec  32,  60-13  is  871. 

The  bed  rock  is  seen  to  be  just  bene^ii  the  moes  and  light  drift 
covering  for  two  or  three  miles  in  sections  28,  32  and  31,  60-13. 
Bidges  composed  of  granite  and  syenite  boulders  are  seen  at  in- 
tervalB,  and  evidently  form  part  of  a  niorainic  system.  The 
drift  deposits  become  thicker  toward  the  west. 

JoBt  soath  of  the  trail  in  S.  W.  }  of  K.  W.  (sec  32,  60-13  la 
a  large  exposure  of  the  semi-crystalline  f^vgmental  rook  which 
intervenes  between  the  regular  Animike  and  the  syenite,  and 
grades  into  the  latter.  Thifi  rook  is  exposed  here  to  a  depth  of 
12  or  16  feeK  At  the  top  It  contains  considerable  green,  nncrys- 
tallized  material,  and  Uie  feldspar  crystals  are  not  so  well  formed 
as  &rther  down  where  there  is  less  of  the  green  matter.  There  is 
an  indistinct  gneissio  stmctnre  which  seems  to  lie  nearly  hori- 
zontal; there  is  also  a  ooarse  sohiatosity  which  runs  S.  E.  and  S. 
W.  At  the  top  is  a  conglomerltic  layer  which  contains  pebbles 
of  qnartz  and  some  of  greenish  rook,  some  of  them  two,  inches 
long,  bnt  mostly  less  than  an  inch  in  length,  Ko.  372. 

The  rock  at  the  bottom  of  this  exposnre  is  almost  wholly 
crystalline  with  the  nsaal  constitnents  of  syenite.  The  horn- 
blende crystals  are  the  last  to  be  developed;  large  crystals  of 
feld^ar  appear  in  the  green  matrix  before  it  begins  to  show  any 
other  signs  of  ciystallization.  These  feldspar  crystals  are  ortho- 
olase  and  are  sometimes  blood-red. 

Peter  Mitchell  uncovered  the  iron  ore  beds  in  several  places 
in  the  S.  W.  i  sec.  32,  60-13.  Borne  of  the  rock  thus  exposed  is 
quite  slaty,  373.  The  sh^  In  the  S.  B.  t  S.  "W.  J^  sec.  32,  60-13 
is  about  8  feet  deep.  It  penetrates  solid,  black  rock  containing 
magnetite  in  grains  and  poorly  defined  layers  or  bands  all  through 
it.  It  is  poor  ore.  On  the  surface  a  short  distance  northwest  of 
,  the  shaft  the  rock  is  more  unevenly  bedded  and  consists  of  thin 
veins  of  black  ore  in  a  gray  rock.  No.  374.  The  needle  dips  at 
all  angles  in  a  very  small  radius  here.  Glaciation  is  about  X. 
K.  K.  Some  of  the  rock  is  fine  and  jaspery  with  a  reddi^ 
tinge,  Ko.  374  A. 

This  is  in  a  low  ridge  trending  N.  £.  and  S.  W.  or  there- 
abouts.   Sometimes  similar  ridges  are  seen  made  of  boulders, 
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«ad  aoDMtimes  of  syeoite.  Id  the  S.  W.  t  see.  31,  60-13  is  a 
.«mall  lidge  composed  of  iron  ore  rook.  It  has  been  broken  off 
and  (he  land  east  and  north  H  lover.  The  east  &oe  of  the  ledge 
is  smboth  uid  veitioal  and  can  i>e  foltoved  for  half  a  mile  on  the 
north  side  of  the  traU.  The  grayi^^qnartzoee  rock  liee  in 
nearly  horizontal  beds,  all  of  vhitih  contain  magnetite.  This 
ro<^  alvayB  weathers  shiny,  smooth  and  black  and  has  the 
appearance  of  solid  iron.  There  is  very  little  pnre  ore  in  these 
beds.  A  sample  from  the  S.  W.  i  sec.  31,  60-13  showing  the 
weathered  snr&ce  is  376. 

There  is  a  large  expoeore  of  the  Animike  rock  and  a  shaft 
-dog  down  abont  ten  feet  by  the  side  of  the  vertical  exposed  wall 
of  rook  in  the  N.  E.  i  sec.  11,  69-14.  There  is  here  seen  a 
thickness  of  16  feet  of  the  osaal  dark-colored  rock.  It  is,  how- 
■ever,  reddish  in  streaks  and  contains  a  little  hematite  with  the 
magnetite.  At  the  bottom  of  the  abaft,  particnlarly,  the  rook 
is  soft  and  hematitic.  At  the  snr^Mie  of  the  gronnd  the  rook  is 
harder  and  seems  to  be  composed  of  reddish  qoartz  in  fine  grains 
strongly  resembling  the  "chalcedonic"  quartz  of  Yemulion 
lake,  376.  Hematitic  rock  from  the  base  of  the  shaft  is  376  A. 
There  are  thin  bands  of  good  ore  contained  in  the  rook  here; 
bnt  there  is  not  enough  to  pay  for  working.  This  ledge  is  on 
the  west  side  of  a  ridge  which  trends  to  the  northwest.  The 
.strata  have  a  little  higher  dip  than  nsual  toward  the  sontheast. 
^me  of  tiie  ere  is  seen  to  be  farther  altered  to  limooite. 

In  the  l^r.  W.  \  see.  11,  59-11  is  a  small  ontorop  of  Keewatin 
pock.*  It  liee  in  vertical  beds  striking  S.  80°  E.  Sample  is 
377.  In  the  S.  E.  1  of  the  same  section  and  particnlarly  in  the 
S.  E.  "forty"  tbere  is  a  great  deal  of  this  rock.  It  rises  in  a 
ridge  IS  feet  above  a  cedar  swamp.  It  is  feldspathic  or  felsitic 
and  stands  in  vertical  strata  having  the  osaal  strike  for  this 
formation.    Samples  are  378. 

Prof.  A.  H.  Chester,  in  the  Eleventh  Annnal  Report  Geology 
'Of  Minneeota,  p.  166,  speaks  of  hematite  boulders  in  a  layer  of 
black  sand,  which  be  observed  at  the  bottom  of  a  shaft  15  feet 
■deep'  in  Animike,  a  short  distance  north  of  here.  Perhaps  they 
were  on  top  of  the  Keewatin  and  were  covered  ap  by  the  Ani- 
mike sediments. 

The  Animike  beds  appear  to  be  considerably  broken  in  this 
region.     Several  very  large  masses  of  strata  were  seen  that  were 
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in  horizoatal  positioQ  and  evidentiy  but  slightly  diatnrbed  ftoia 
their  original  positioa.  Some  of  tiiem  are  on  the  hill  above  the- 
KeeTatdn  and  only  about  200  feeb  avay  iiom  exposoree  of  it  in 
theS.  E.  i  sec  11,  69-14.  There  seems  to  be  no  reason  to  doabt- 
that  the  black  iron  ore  rock  liee  horizontally  and  onconformably 
on  the  aptnmed  edges  of  the  Keeiratin.  We  dog  a  ^aft  by  the 
Bide  of  a  large,  flat-lying  mass  of  Animike  here.  It  Tras  not 
proven  to  be  certainly  in  <i{»;  bat  had  evidently  been  b«t  slightly 
disturbed.  In  this  same  section  in  various  other  places  Animike  - 
in  place  is  fonnd  lying  above  ezpoearee  of  Keewatin  qnite  near;; 
bat  no  aotaal  ooatact  was  seen. 

There  is  another  Bhaft  in  the  iron  ore  rook  in  the  N.  W.  i  sec. 
11,  69-14.  It  lies  nearly  horizontal  uid  the  rock  has  the  osnal 
gray,  arenaoeons,  magnetitdo  appearanoe.  It  is  glaciated  on  the- 
soriaoe  bnt  the  direction  coald  not  be  taken  owing  to  the  mag.- 
netdo  distarbanoe.    One  sample  from  here  is  379. 

The  black  slates  and  qnartzytes  in  sec.  22,  69-14  do  not  seem 
to  be  BO  magnetic,  bnt  contain  veins  or  bands  of  blackish  quartz^ 
or  jasper.  This  jasper  is  granalar  and  apon  being  poanded  it 
cmmblee  and  displays  many  white  grains.  The  rest  of  the  rock: 
is  grayish  and  is  penetrated  by  fine  needle-shaped  crystals  of 
hornblende  (t)  No.  380. 

In  the  S.  E.  i  sec  17,  69-11  there  is  an  ontcrop-  of  the  schist 
which  is  sappoeed  to  be  Keewatin.  It  la  in  vertical  beds  which- 
strike  N.  75° — N.  80°  R  It  is  dark  gray  and  soft  foot  siliceoos- 
and  seridtic,  381.  ISiiB  is  only  abontone  mile  sooth  ef  Hinsdale- 
utd  is  remarkably  cloee  to  the  syenite  ridge  which  rises  150  fe^ 
or  more  higher,  a  mile  north  of  this  exposure.  The  syenite- 
appeaiB  only  half  a  mile  north  of  here.  The  dip  of  the  schists  is- 
vertical  or  at  a  high  angle  to  the  sonth. 

The  rook  which  forms  the  highest  part  of  the  Giant's  range  at' 
Hinsdale  is  syenite  which  frequently  has  a  distinct  vertical 
gneissie  stractare.  This  syenite  is  reddish  near  the  sorfkce,  bnt 
is  gray  abont  30  feet  below.  It  contains  porphyrltic  crystals  ot 
pink  orthoclase,  which  beoome  deep  red  in  places.  There  are 
lenticalar  masses  of  dark,  hornblendio  rook  inclosed  in  this- 
syenite  at  all  depths.  Some  of  these  indnsions  are  five  or  six: 
feet  in  diameter.  They  are  always  elongated  perpendicnlarly 
and  consist  generally  mainly  of  hornblende,  383. 

A  few  intrasions  of  fine  gray  granite  and  pink  grannlyte  are- 
sera  to  penetrate  the  syenite  Epidote  colors  the  rock  in  the? 
proximity  of  veins  and  foalts  or  fractures.  Qoartz  and  feldspar- 
veins  of  limited  extent  are  not  nncommon. 
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The  rook  is  a  baBdaome  one  for  ornamental  parpoaefi,  and  col- 
amoB  or  blocks  of  any  required  dimension  quite  devoid  of  flavs- 
or  oracks  can  be  obtained.  It  bas  been  qnarried  for  the  mana- 
fiwtore  of  paving  atonee.  It  is  also  being  employed  in  the  erec- 
tion  of  the  Bonnd  house  of  the  D.  and  I.  B,  B.  at  Two  HarborB. 
Twenty-five  eamplee  of  this  rock  were  obtained,  382.  Olacia- 
tion  ia  very  fine  on  top  of  the  ridge,  N.  22°  E,  The  snmmit  of 
the  range  is  120  feet  by  aneroid  above  the  etfdnon  at  Hinsdale. 

Korth  of  Hinsdale  tiiere  is  a  rapid  descent  in  the  level  of  the 
oonntry.  At  one  mile  and  a  quarter  from  the  station  is  a  low 
ontorop  of  syenite.  It  is  qnite  similar  to  that  in  the  ridge.  It- 
outcrops  again  at  2  miles  and  still  again  at  aboat  3  miles  north 
of  Himdale  station.  At  the  last  place  it  is  red  and  dark  and. 
&»  hornblende  is  decayed.  Small  geodes  of  qnartz  and  calcite 
crystals  are  seen  in  it  here.  One  sample  is  "So,  385.  The  level 
here  is  180  feet  below  the  top  of  the  ridge  at  Hinsdale.  There  is^ 
considerable  drift  mixed  with  nnmerous  boulders  of  syenite  at 
this  place  and  all  along  back  to  the  ridge. 

The  last  syenite  seen  on  the  railroad  north  from  Hinsdale  is 
about  five  miles  from  the  summit  of  the  Giant's  range.  It  is- 
reddish  and  lies  in  low  ontorops.  For  the  next  mile  or  two  the 
country  is  low,  flat  and  swampy.  Then  come  knolls  and  ridges- 
of  Keewatin  dipping  about  B*.  76°.  The  dip  is  lower  than  on 
the  south  side  of  the  ridge  or  at  Tower.  Y^ns  of  caldtc  are 
noticed  in  the  rock. 

It  is  noticeable  that  no  Animike  either  in  place  or  as  bonlders- 
is  B«en  north  of  the  Gianf  s  range.  The  ri^e  of  eryenito  is  about 
six  miles  wide  from  north  to  south  where  the  railroad  crosses  it. 

John  IMlmann  in  charge  of  a  crew  of  26  men  was  at  work  in 
sec  29j  69-14  sinking  shafts  throogh  the  drift  and  down  to  the 
underlying  rook  in  search  of  iron  ore.  He  finds  the  rock  to- 
oontain  both  hematite  and  magnetite.  Some  of  it  is  colored 
qnite  red  by  seequioxide  of  iron.  At  depths  below  the  sar&ce- 
varying  from  15  to  10  feet  the  bed  rock  is  encountered.  It  con- 
sists of  thin  str^  of  grayish  rock  which  might  be  termed  fer- 
ruginous qoartzyte,  but  it  is  not  pore  qnartz  and  iron  ore. 
Some  of  it  has  an  indistinct  conglomeritic  appearance,  the  peb- 
bles being  fine,  grayiah  or  greenish  or  sometimes  hematitio.. 
The  beds  are  not  as  a  rule  more  than  6  or  8  Inches  thick  and 
have  a  low  dip  to  the  south  or  sontheaet.  The  syenite  is  said  to 
Vol.  UL— 12. 
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lie  about  i  mile  north  of  here.  Mach  of  the.heinatit«  fooad  in 
4iheee  Bhafte  ^owb  a  farther  alteratioa  tovard  limonite.* 

Bed,  hematitic  rook  haviiLg  the  osnal  dip  acd  appearance  of 
2iematitic  Animike  strata  is  seen  in  a  shallov  railroad  out  aboat 
i  mile  soath  of  Mallmano's  camp. 

Ur.  Willard  visited  Partridge  river  and  examined  some  ex- 
posaree  of  rock  in  the  neighborhood.  Oabbro  vas  seea  in  a 
railroad  cat  i  mile  north  of  Bearer  oreek,  sec.  5,  68-14.  It  was 
ezpoBed  for  150  feet  along  the  track.  It  vas  somewhat  deoom- 
posed  and  weathered  into  roanded,  bonlder-llke  forms,  386.  - 
■One-qaarter  of  a  mile  further  south  is  another  cat-'  throDgh 
gabbro.  The  same  rock  is  seen  on  the  soath  side  of  Beaver 
creek  abont  a  hundred  pac«6  fi*om  the  railroad  track,  and  in  faot 
forms  all  of  the  knolls  and  is  seen  in  all  of  the  cats  for  some  dis- 
tance south  of  Beaver  creek. 

On  the  south  side  of  Partridge  river,  abont  in  the  N.  E.  i,  8. 
"W.  i  sec.  9,  58-14  jnst  above  a  small  creek  is  a  low  outcrop  of 
'black  or  dark -gray,  siliceoaa,  thick-bedded  slate  which  seems  to 
dip  abont  20°  N.,  80°  E.  A  system  of  vertical  joints  pervades 
-this  rock,  the  general  direction  of  which  is  about  east  and  weet. 
Abont  200  feet  down  stream  from  here  the  river  runs  over  the 
-edges  of  these  beds  of  slate.  Following  the  rock  for  some-  dis- 
tance down  stream  an  old  shaft  is  seen  but  no  interesting  features 
-are  exposed  by  it.  It  is  in  a  ridge  whose  coarse  is  nearly  north 
and  south.  Exposures  of  this  same  rook  were  noticed  in  several 
places  in  this  vicinity;  the  ledges  rising  about  8  feet  above  the 
general  level.  The  gabbro  overflow  surrounds  and  nearly  covers 
this  rock.  The  strike  of  the  slates  where  the  strata  have  been 
broken  or  lie  in  ridges  for  any  distance,  ifi  IT.  10°  W.  This  rock 
is  not  exposed  over  a  region  exceeding  350  feet  in  diameter.  It 
seems  to  be  a  little  of  the  Animike  formation  which  was  not 

'Anuialysisof  this  limonito,  made  by  Ur.  C-  P.  Sidener,  gBve  the  following: 

■Silica,  SiO, ..„ 3.5S  pa  cent 

'iSeaqnioiide  of  iron,  Fe,  O, *..      87.10  per  ctiat, 

MangsDMe traces. 

Lime  and  Magnesvi tiacM. 

'Phoephoms,  P 033  per  cent. 

Snlphnr,  8 tracra. 

•Water,   H,0 -        9.70   per  cent. 

100.343 

Jletallic  iron,  Fe 6aS7  per  oect. 
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covered  l^  the  gabbro  OTerflov.  It  is  not  iroD-beariug  here  to 
aQ7  appreciable  extest  as  are  the  strata  generally  farther  north. 
It  occnrs  in  thick,  homogeneouB  beds  in  vhidi  the  sedimenta- 
tion is  quite  evident.  It  is  silico-argillaceoas  and  seems  to  be 
carbonaceous.  Sunpl^  are  numbered  387.  The  rock  lies  in 
lover  ground  than  the  sairoimding  gabbro  knolls,  between 
whidi  and  the  slate  a  swamp  intervenes. 

In  tiie  N.  E.  1  of  the  8.  E.  i  sec.  11,  59-11  is  a  shaft  five  feet 
deep.  "So  tock  in  tUu  appears  to  have  been  enooantered  in  it;  but 
many  fragments  of  reddish-gray,  quartzose  roek  are  seen  in  the 
sides  of  the  shaft  and  on  the  surfaoe  round  about.  This  land  is 
140  feet  lower  than  that  i  mile  north  of  here.  Samples  of  reddish 
hematifcic  ore  i^m  here  are  388. 

About  250  paces  west  of  the  east  quarter  i>ost  of  sec  11,  59-14 
is  a  shaft;  dng  to  a  depth  of  ten  feet  by  the  face  of  a  north  and 
south  ledge  of  rock.  The  strata  here  dip  about  16°  slightly  to 
the  sonth  of  east.  Good  iron  ore  is  seen  in  veins  or  bands  2  or 
3  inofaea  thick  in  the  foce  of  this  ledge.  This  wall  of  rock  is 
exposed  for  several  rods  north  and  sonth  of  this  shaft.  It  is 
notioeable  that  the  prevalent  direction  of  the  joints  in  this  for- 
mation is  north  and  sonth. 

In  a  part  of  sec  11,  59-14  which  was  visited  on  onr  return  to 
Birch  lake,  near  the  center  of  the  section,  Keewatin  rock  is 
fonnd  standing  as  usual  in  vertical  strata.  It  is  quite  feldspathic 
Above  it,  separated  by  a  few  feet  only  of  nnexposed  rock  cov- 
ered by  drift,  are  masses  of  Animlke  strata  15  feet  long  and  8 
feet  thick  which  seem  to  have  been  but  slightly  disturbed  from 
Ijheir  original  position.  A  sample  of  the  Keewatin  rock  is  389. 
There  are  quartz  veins  in  itwhich  contain  talc-like  scales.  389  A. 
Some  of  this  vertical  schist  is  graywackenitic  and  some  granu- 
litic  Some  resembles  the  rock  found  at  Partridge  river  supposed 
to  belong  to  the  Anlmiko,  390. 

Outcrops  of  felsitic,  siliceons  schist  in  vertical  strata  with  a 
strike  N.  80°  E.  are  seen  in  S.  E.  }  sec  16,  59-14  near  the  north 
section  line;  391. 

Southeast  from  the  last  about  200  paces  and  40  feet  higher  is 
found  a  large  solid  outcrop  of  iron  ore  rock.  It  rises  five  or 
six  feet  and  is  seen  for  four  or  five  rods.  It  is  horizontally  strati- 
fled  or  has  a  dip  of  less  than  lO''  to  the  east.  This  is  consider^ 
as  certainly  lying  unconformably  on  the  vertical  Keewatin. 
9*0.  392  is  from  here. 

There  is  another  ledge  of  iron  ore  rock  (Animike)  in  N.  W.  i 
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K.  W.  i  seo.  14,  69-14  near  the  center  of  the  qnatter  sectiOD. 
Some  good  ore  is  found  here,  393.  From  the  way  in  vhidi  the 
KeeiratiD  Bchists  are  found  to  nnderlie  all  this  Animlke  aa 
observer  reoeiree  the  impression  that  an  iron  mine  or  iron  lands 
in  this  formation  here  are  not  of  mneh  valoe,  for  it  is  donbtfol 
Thether  a  shaft  40  feet  deep  coold  be  made  in  the  iron  ore  rock 
anywhere  in  (Ms  toimship  without  passing  through  it  and  reach- 
ing the  Keewatin. 

Fragments  of  the  Keevatin  roolc  are  seen  all  fdong  the  trail  in 
Twp.  eO-13,  indicating  that  it  outcrops  somewhere  and  perhaps 
at  several  localities  between  the  trail  and  the  syenite  ridge. 
The  number  of  rough  pieces  of  Animike  rook  that  are  every- 
where seen  along  this  trail  show  what  was  the  entire  surfiwe  of 
the  land  south  of  the  Giant's  range  and  indicate  that  the  r^oa 
immediately  south  of  the  ridge  was  to  a  great  extent  protected 
fh)m  the  force  of  glacial  eroaton. 

A  sample  of  quartzyte  which  was  seen  in  angular  fragments  la 
60-13  was  obtained  as  showing  fine  stratification.  It  oontftins  a> 
little  m^netite  in  bands  which  fade  ont  completely  in  this  spec- 
imen. Ko.  394.  Deposits  of  magnetio  sand  are  seen  os  the  shore 
of  Birch  lake  where  the  trail  starts  oat,  S.  W.  i,  S.  B.  I  sec  3S, 
61-12.     No.  395. 

BISOH  LA£E  BEOION. 

Tonffa  or  Dunka  (tand)  river.  This  name  is  bestowed  by  the 
Indians  on  account  of  the  extensive  banks  of  reddish  sand  and 
gravel  which  form  the  shores  of  the  lake  near  the  month  of  the 
stream  and  also  compose  the  bed  of  the  river  for  a  short  distance 
above  the  lake.  Mingled  with  this  red  sand  is  more  or  lees  black 
magnetic  sand  sometimes  in  snch  quantity  as  to  make  the  beaoli 
black.     An  instanoe  of  this  ie  in  the  8.  W.  1  sec  33,  61-12. 

For  a  mile  up  this  river  there  is  a  large  amoant  of  drift  contain- 
ingmany  boulders.  The  land  rises  in  east  and  west  ridges  lOO 
feet  or  more  above  the  river.  ISear  the  south  side  of  sec  4,  60— 
12  the  ridges  seem  to  be  composed  almost  wholly  of  large  granite 
and  syenite  bonlders.  It  can  not  be  asceri»iiied  certainly- 
whether  they  are  nnderlain  by  rock  of  the  same  natore  in  aitu- 
or  not. 

Sonth  of  this  ridge  is  another  in  S.  i,  N.  W.  i  sec.  10,  60-121° 
which  has,  exposed  on  the  surfoce.  many  angular  fragments  of 

*  Tbls  lidie  li  nAmd  to  bf  N.  H.  WiDohell,  In  bla  BTMedlh  ■noutl  npoTt,  p.  MI.' 
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eenu-Btratified  rock  consistang  maiuly  of  magnetite  and  oliTine 
■with  sonie  qaartz.  This  rock  appears  to  be  in  situ  at  two  or  three 
places  on  the  north  side  of  this  ridge  and  to  dip  S.  TO^-SU". 
Syenite  is  found  in  ridges  south  of  here,  and  some  distance  south 
«f  them  is  found  the  gabbro.  The  Animike,  therefore,  has  here  ' 
a  range  of  syenite  betveeu  it  and  the  gabbro.  Samples  of  the 
iron  ore  rock  from  400  paces  east  of  the  vest  quarter  post  sec  10, 
«0-12  are  366.    The  needle  dips  N.  60'  to  70°  here. 

Other  localiti«a  wound  Bir^  lake.  Pursuing  a  trail  which  leads 
south  from  the  lake,  starting  in  the  !N.  E.  1  sea  26,  61-12  toward 
some  claim  cabins  in  sec  35,  61-12  some  interesting  rooks  were 
seen.  A  short  distance  from  the  lake  is  a  knoll  of  fiue-grained 
crystalline  rock  which  is  generally  considerably  decomposed 
and  yellowish  in  color.  It  has  the  composition  of  gabbro  and  is 
ai^arently  the  rock  that  first  cooled  on  the  outer  edge  of  the 
gabbro  overflow.  It  contains  both  biotite  and  hornblende  spar* 
Ingly,  also  olivine  and  magnetite,  but  is  principally  made  up  of 
labradorite.  There  are  spots  in  it  of  light-colored  fieldspathio 
rock  which  appear  to  be  boulders  whose  ontUne  is  not  distin- 
gnishablc  from  the  rock  mass.  A  sample  of  the  fine  gabbro  or 
moscovado-like  rock  is  396.  A  sample  from  one  of  the  boulder 
forms  is  896  A.  Theseare  fh>m  the  N.  E.  i  sea  26, 61-12.  This 
gabbro  appears  in  small,  detached  knobs  lying  on  the  Animike 
iron  ore  beds.  These  beds  are  somewhat  disturbed  and  broken 
and  vary  in  dip  to  the  southeast  from  12°  to  30°.  Kear  these 
knolls  of  gabbro  the  iron  ore  rook  is  semi  crystalline,  containing 
porphyritic  crystals  of  hornblende  sometimes  two  and  a  half 
inches  long.  Specimens  from  here  are  397,  397  A,  and  397  B. 
Tbere  are  lai^  outcrops  of  this  Animike  rock  here.  Sometimes 
the  stratification  is  not  very  evident,  bat  generally  it  is  distinot 
aod  well-marked,  398. 

The  beds  here  have  the  same  vertical  joints  running  north  and 
aouth ;  and  present  east  and  west  vertical  faces  from  four  to  fifteen 
f^t  high%ach  as  are  seen  south  of  the  6ianf  s  range  Loose, 
Migular  fragments  of  Keewatin  schist  are  seen  here  and  probably 
lie  near  the  sur&ce  in  the  vicinity  under  the  Animike.  Some 
of  the  Animike  is  almost  all  qaartz  which  forms  a  coarse  granu- 
lar sandstone  on  deoompoang.  A  specimen  from  the  E.  i,  N. 
W.  i,  sec  36,  61-12  is  399.     Olaclation  here  is  about  IS.  15°  K 

In  the  8.  E.  i,  N.  E.  (  sec  36,  61-12  are  several  ridgea  of 
magnetitic  quartzyte  having  vertical  faces  16  feet  high  on  the 
west  side.    A  few  feet  west  of  one  of  these  walk  of  rock  there  is 
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a  knoll  of  syenite.  The  latter  is  porphyritio  with  pink  and  white 
feldspar  and  contains  both  biotite  and  hornblende,  together  with 
a  conaideTable  proportion  of  qaartz.  It  rises  in  the  knoll  as  high 
as  the  top  of  the  qnartzyte  ridge  bnt  slopes  down  and  rons  under 
it.  The  syenite  Is  100.  The  qnartzyte  is  in  beds  which  are 
nearly  horizontal  and  seem  to  hare  about  the  same  texture  and 
composition  where  it  lies  on  top  of  the  syenite  as  they  bare  ten 
feet  higher  up,  401.  A  claim  cabin  is  located  on  the  syenite 
ridge  only  a  few  rods  fi-om  the  qnartsyte  ledge.  The  syenite  is 
oat  by  a  few  veins  of  fine,  pink  gi-annlyte.  The  sitoation  is 
shown  in  Fig.  2. 


Aw^wQc^'^ 


^t^^'  •^••»^ 
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ftg.  2.  StlaMm  tf  lynlU  (nd  JutwUw  rid^u.  The  111 
■bont  It  (eMdnp  lod  U  bet  uroBL  TtM  w(«t  bM  nt 
lind  li  coTeinil  with  Bmill  piiM. 


A  trench  was  made  with  some  labor  from  the  qnartzyte  to  the 
syenite  thns  exposing  the  manner  of  contact.  The  Animike  was 
foand  to  lie  on  llie  syenite  in  a  thin,  hard,  homblendic  stratum 
about  six  feet  from  the  main  mass  of  exposed  syenite.  It  was 
buried  under  about  five  feet  of  till  witii  hardpan  at  the  bottom. 
Samples  of  the  layer  of  Animike  rock  found  lying  on  the  syenite 
are  406. 

In  the  first  shaft  that  was  dug  down  at  the  foot  of  the  Animike 
bluff  a  large  mass  of  greenish  Keewatin  rock  was  encountered 
that  prevented  fbrther  excavation  at  that  place,  ills  rock, 
which  was  supposed  to  be  a  drifted  fragment,  was  coated  with  a 
omst  of  calcite  crystals  all  over  the  top.  In  several  places  the 
syenite  was  seen  to  have  a  thin  layer  of  the  hardened  Animike 
rock  adhering  to  it  whidi  had  not  been  removed  by  glacial  scrap- 
ing. From  the  appearance  of  such  rock  it  seemed  as  though  the 
abrading  actiOD  of  the  ice  was  not  so  violent  as  is  generally  sap- 
posed. 

In  the  IT.  ^  i  of  8.  W.  i  sec.  36,  61-12  the  magnetitlc  qoarta- 
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yte  is  exposed  in  many  places-  It  seems  to  hare  been  affected 
by  some  metamorphosing  agent  tMoIi  has  prodnced  targe  crys- 
tals and  masses  of  cryst^  of  hornblende  in  it  Some  of  theee- 
crystals  are  three  inohes  long.  They  frequently  are  rounded  or 
lenticular  as  a  whole  mass  and  suggest  indnded  boulder  fbrmSr 
102. 

West  and  northwest  from  the  last  locality  the  grotmd  rises- 
and  syenite  is  foand  outcropping  in  qoite  extensive  ridges.  This- 
is  near  the  west  quarter  post  of  the  eection. 

Toward  the  8.  W.  }  sec.  36,  61-12  the  land  rises  until  it  is  200- 
fefdi  above  Birch  lake.  On  this  high  land  many  large,  smooth- 
topped  exposures  are  produced  by  recent  extensive  wind-Mis. 
The  strata  seem  to  have  been  disturbed  and  slightly  elevated  by 
some  foroe  from  beneath.  The  usual  dip — leas  than  30°  to  the- 
soatheast — is,  however,  still  maintaiDed.  This  rook  is  ooarse^ 
and  more  qnaitzoseaud  has  quartz  veins  penetrating  it.  Glada- 
tion  is  finely  exhibited  in  many  places  and  seems  to  vary,  as  near 
as  coold  be  estimated,  by  comparison  with  the  section  lines, 
fivm  iN.  12°  R  to  2f .  30°  E.  Syenite  is  reported  to  outcrop 
about  one-half  mile  west  of  the  3.  W.  comer  sec.  35,  61-12. 
Some  of  the  beds  of  this  Animike  rock  are  but  slightly  iron- 
beariog  and  are  almost  wholly  composed  of  olivine,  104. 

In  the  !N.  i  of  the  S.  E.  i  sec.  24, 61-12  there  are  several  expos- 
itres  of  Animike  rock  in  shafts  which  have  been  dug  in  the- 
search  for  iron  ore,  as  well  as  on  the  Burfoce.  The  rook  is  dark, 
lieavy  and  magnetitic  and  exhibits  fewer  sedimentation  bands 
than  nsual.  Bat  it  has  the  general  dip  of  this  formation  and  is- 
rioh  in  olivine.  There  have  been  six  or  eight  shafts  sunk  at  this- 
plaoe;  some  of  them  are  nine  or  ten  feet  deep  and  famish  good 
aections  of  the  rook  strata.  Some  thin  strata  of  rich  magnetite 
aie  seen  in  the  rook;  but  they  are  always  separated  ftom  each 
other  by  beds  of  poor  ore  or  of  quartzyte,  iOfi.  Mnoh  of  this 
rook  is  homblmdio;  the  crystals  appear  right  in  the  middle 
of  ollvinitio  uid  finely  ganular  strata  containing  more  or  less 
magnate.  These  crystals  of  hornblende  are  In  the  strata  ten 
fert  below  the  snr&ce  beds,  and  are  sometimes  two  inches  long 
or  more,  405  A.  In  places  the  rook  has  been  moved  on  itself  and 
has  thus  fbrmed  fine  slickensided  surfiuses,  405  B. 

There  is  a  heavy  covering  of  drift  sand  and  boulders  here. 
Oronite  in  plaos  and  gabbro  lying  on  it  were  seen  ashort  distance 
fiuther  east  ta  the  S.  E.  i,  X.  W.  }  sec.  24,  61-12.  The  Ani- 
mike beds  seen  in  the  vicinity  were  in  knolls  that  rise  above  the 
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-granite  and  gabbro  and  are  eBtimated  to  be  150  feet  above  Birch 
lake.  A  thickneas  of  abont  26  feet  of  the  iron-bearing  strata 
was  seen  in  theTarions  Bhafts. 

This  same  rock  oatcrope  on  the  vest  aide  of  the  little  bay  io 
:S.  E.  i,  8.  W.  i  mo.  24,  61-12,  a  short  diHtanoe  back  ftwm  the 
^ore.     At  this  place  it  is  mach  decayed  and  jointed.* 

Yicitiitp  of  KavntUwi  river.  Going  south  on  the  range  line 
between  townships  62-10  and  62-11  on  the  sonth  side  of  the  river 
In  8.  E.  1  sec  13,  62-11,  search  was  made  for  the  iron  ore  re- 
ported by  Mr.  Lorenzo  Cleaves.  N'othlng  was  found  for  half  a 
mile  except  syenite  In  a  ridge  about  75  feet,  by  aneroid,  above  the 
Tiver.  Then  there  is  a  swamp  and  a  creek,  and  gabbro  hills  are 
reached  in  S.  W.  t  sec.  19,  62-10.  These  hills  are  but  a  little 
over  100  feet  above  the  Kawishiwi.  The  gabbro  is  seen  in  bare 
fcnobs  and  vertical  blaffe  20  to  40  feet  high.  Some  masses  of 
gabbro  30  feet  in  diameter  have  been  pushed  up  on  top  of  the 
smoothed  knolls  of  solid  rock  and  left  there  by  the  ice. 

In  the  S.  E.  i  sec.  30,  62-10  are  several  shafts,  some  more 
than  2U  feet  deep,  In  magnetite  ore.  The  magnetic  attraction  is 
very  strong  here  and  the  needle  dips  90°.  There  being  mora 
than  a  mile  and  a  half  of  gabbro  north  of  this  place  and  this  iron 
-ore  Myself  being  in  hills  of  gabbro  100  feet  high  it  wonld  naturally 
be  supposed  that  this  ore  is  gabbroitio  magnetite  and  therefore 
titaniferons. 

But  the  ore  is  oliWnitic  and  generally  quite  fine-grained,  and 
the  rock  which  contains  it  is  not  a  massive  crystalline  rock  like 
^bbro,  but  stands  in  beds  wliich  are  nearly  vertical,  though  the 
dip  is  not  constant.  These  strataare  oliviniticand  besides  being 
finely  granular,  possess  a  banded  stmotore  and  are  evidently 
trtmsported  beds  of  AnimiJce  ttrata  contained  in  ike  great  gaiAro 
■cwrfow.  Whether  they  are  between  overflows  of  different 
dates  or  were  surrounded  and  taken  to  their  present  position  at 
the  time  of  a  single '  eruption  was  not  evident,  but  the  latter  is 
more  probable.  The  gabbro  itself  being  also  largely  composed 
of  magnetite  here  renders  it  moredif&calt  to  distinguish  between 
the  two  kinds  of  rock.  Samples  &om  the  S.  E.  \  sec.  30,  62-10, 
showing  banded  structure  supposed  to  be  dae  to  Bedimentation 
are  407.  Specimens  of  the  coarse  gabbro  magnetite  are  410. 
The  Animike  is  quite  hornbleudic  here  aa  at  the  locality  north 
-of  Birch  lake,  sec.  24,  61-12.  The  gabbro  which  forms  maadve 
knolls  ^  around  this  place  is  not  so  much  decayed  as  the  iron 

■  K.  H.  WliMhall,  ElftwDth  umuil  raport,  p.  tS9. 
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qoftrtzyte,  nor  does  it  display  any  banding  nor  any  other  signs 
of  bedding  as  do  the  encloeed  strata  of  Ammike.*^  The  general 
strike  of  the  latter  is  east  and  west. 

A.  trip  was  made  from  the  Kawishlwi  river  in  N.  W.  i  sec.  25, 
63-10  sontheaabward  into  sec.  36.  Gabbro  ridges  and  knolls 
from  70  to  100  feet  above  the  rirer  are  crossed.  Many  lai^ 
fragments  of  greenish  sdilst  from  tiuiher  north  lie  on  the  sarface, 
also  boalders  of  syenite  and  amphibolyte  or  dioryte.  This  gab- 
bro is  rather  coarse  and  is  magnetitic  in  spots  and  streaks;  412. 
There  are  belta  of  coarse  hornblende  and  labradorite  found  in 
it.  412  A.  Included  in  the  gabbro  are  irregnlar  masses  of  all 
sizes  of  fine,  grayish  rock  that  seems  to  be  composed  of  ronuded 
grains  and  resembles  Animike.  There  is  no  evidence  left  of 
former  stratification,  and  in  places  where  it  has  been  highly 
altered  this  rock  has  the  composition  of  a  fine  gabhro.  But  the 
transition  from  it  to  the  gabbro  is  always  abrnpt  and  the  ont- 
lines  of  the  inclnded  masses  of  it  are  plainly  seen.  413.  This 
rock  is  slightly  fermginons  if  at  all;  but  the  gabbro  contains 
much  shining,  coarsely  crystalline  magnetite,  414. 

In  the  8.  E.  i,  S.  B.  I  sec.  25,  63-10  the  gabbro  contains  some 
large  masses  of  very  coarse  hornblende.  There  are  places  in 
the  gabbro  four  to  six  feet  in  diameter  which  contain  or  are 
wholly  made  up  of  black  hornblende  crystals  six  inches  long. 
There  is  a  little  mica  in  connection  with  it,  also  some  coarse  lab- 
radorite.   415. 

Ffctnfly  of  Long  Lake.  The  hills  in  the  If.  W.  J  sec.  20,  63-12 
are  composed  of  diabasic  rock.    They  rise  about  100  feet  above 

*An  analysis  oftbe  magnetite  supposed  to  belong  t«  tbe  enclosed  beds  of 
Animike  and  tbererore  to  be  non-titaaiferons,  woa  made  by  Mr.  C.  F.  Sidener. 
No  titanium  being  fonad  in  it  tbe  effect  of  tbe  gttbbro  does  not  seem  to  have 
l>een  intense  enosgb  to  invest  the  magnetite  nith  barmftil  ingredients. 

Silica,  SiOj 11,39  per  cent 

Alnmina,  Al,Og Troces. 

Uogneticoiideof  iron,  FejO, 86.. i5  percent 

Titoninm.  TiO, None. 

Lime,  CaO 22  percent 

Magnesia,  MgO 3.44     "     " 

Fboepbortu,   P 09    "     " 

Snlphnr,  S Traces. 


Uetallic  iion,  Fe 61.95 

Vol.  ra.— 13. 
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the  lake,  and  ia  them  are  seen  the  same  coarse  boalder  forma*  as 
have  been  noticed  in  this  rock  &rther  east,  also  at  the  railroad 
cat  near  the  Chandler  mine,  on  the  sonth  shore  of  the  lake  in 
sec.  28,  and  in  the  N.  E.  i  sec.  6, 62-12.  On  the  north  aide  of 
the  first  ridge  north  of  the  lake  the  rock  is  not  so  diabaaic,  bnt 
is  theuBoal  more  or  lees  fissile  sericitio  schist. 

In  the  N.  E.  J  sec.  9, 63-12  the  sericitic  schist  chaDges  rapidly 
across  the  strike,  going  north,  into  granite,  beooming  first  sili- 
ceons,  then  felsiticor  feldsp&thic  and  finally  micaoeoos.  Speci- 
mens illnstrating  this  are  Xos.  416  to  116  E.  The  granite  still 
preserves  in  places  a  coarse  vertical  sohistosity.  ITorth  of  this 
granite,  vhich  oontinnes  only  for  a  short  distance,  is  hornblendic 
biotite  schist  crossed  by  veins  or  introsions  of  syenite  and  gran- 
ite; 417.  This  dark  schist  is  in  veridical  strata  having  the  nsaal 
strike  of  ahont  K.  60°  E.  The  lake  which  lies  in  sec  4,  63-12 
is  aboat  76  feet  higher  than  the  lakejnst  sonth  of  it. 

Going  overland  from  the  lake  to  the  N.  W.  corner  sec.  4^ 
63-12  the  rock  is  fonnd  to  be  hornblende-biotite  schist  dip- 
ping north  at  an  angle  of  76°  or  more.  Most  of  it  is  very  dark 
colored  and  heavy,  418.  Nothing  was  seen  of  the  belt  of  mag- 
netic iron  which  had  been  reported  to  exist  in  this  section. 

Going  sonth  from  Ely  into  sec  4,  62-12  the  rock  is  fonnd  to- 
be  mostly  covered  by  a  tiiick  deposit  of  drift  nntil  the  N.  -W.  k 
sec.  4  is  reached.  Here  there  is  seen  an  abnipt  ridge  of  sericitic 
green  schist  striking  X.  60°  B.  and  having  a  vertical  dip.  This 
ridge  rises  75  feet  atwve  the  swamp  on  the  north  side  of  it.  The 
rock  contains  considerable  ealcite  as  at  Ely.  419.  Going  west- 
several  pits  are  seen  dug  in  the  low  ground  north  of  the  ridge. 
All  of  them  penetrate  a  soft  reddish  rock  strongly  impregnated, 
with  iron  similar  in  appearance  to  that  in  the  mines  at  Ely.  It 
seems  probable  that  the  depression  north  of  this  ridge  may  have 
been  prodnced  by  reason  of  the  softer  natnre  of  the  iron  ore 
beds  which  may  lie  in  there.  And  it  is  not  at  all  nolikely  that 
rich  beds  of  soft  ore  nnderlie  the  swamp  referred  to.  In  the  K. 
E.  1  sec.  5,  62-12  a  lai^,  glaciated  surface  of  the  green  rock  is 
exposed.  There  is  here  a  fine  exhibition  of  the  coarse  agglom- 
eritic  structure  mentioned  above.  A  diamond  dnll  jnst  east  of 
this  place  has  gone  down  60  feet  in  the  same  rock. 

*^1>I> is nferred  to  brMr.  A.  C.LawKii  Id  blgreponoD  Ltkeof  tbe  Wood*  *a*"(»Kn- 


„Gooi^le 


STATE  OBOLOGI8T.  99 

LAKE  SUPERIOK  TBIP. 

The  coantiy  soabh  and  east  of  Bald  Eagle  lake  (the  Indian 
name  for  this^alce  is  MskiwiBhim  lagaegan  or  Beaver-hoose  lake) 
has  been  bamt  over  and  is  nov  covered  by  a  small  growth  of 
aspens,  birch,  jack  pine,  spruce,  etc.  It  is  rockf  and  hilly,  the 
hills  of  gabbro  rising  100  feet  or  more  above  the  general  level. 
The  roate  to  lake  Baperior  lies  np  the  river  which  enters  the 
Bonth  side  of  Bald  Eagle  lake.  This  streEun  is  smooth  for  a  short 
distance  and  has  lov  awampy  banks.  A  rapid  where  the  river 
foils  50  feet  is  then  encountered  and  above  it  again  the  smooth, 
'  cnrrentlees  stream.  The  solid  rock  is  all  gabbro  and  most  of  the 
boulders  are  of  the  same  material,  thongh  there  are  a  few  boaldets 
of  Keewatin  greenstone  and  of  granite.  On  the  first  portage  there 
are  seen  some  large  pieces  of  white  vein  qoartz.  The  gabbro  for 
a  mile  or  two  is  almost  wholly  composed  of  labradorite.  In  one 
place  was  seen  qoite  an  acoomalatien  of  boaldets  of  ailiceons 
greenish  rock  tike  that  at  the  west  end  of  Knife  lake. 

The  land  in  the  S.  W.  \  of  township  62-8  is  qnite  uniformly 
level.  The  lake  in  sections  29  and  32  has  low  shores,  mostly 
marshy.  The  rock  is  gabbro,  many  boulders  of  which  lie  aroand. 
The  lake  and  river  seem  to  be  almost  on  top  of  the  gabbro  ridge, 
the  hills  around  them  are  so  low. 

Lake  JtabeUe.  The  shores  of  the  west  side  of  this  lake  are 
composed  of  gabbro.  They  are  generally  abont  ten  feet  high, 
but  sometimes  rise  to  forty  feet.  The  gabbro  Is  very  much 
decayed  near  the  enrface.  It  is  composed  principally  of  labra- 
dorite; but  contains  some  biotite  and  a  little  magnetite.  There 
are  occasional  small  pieces  of  granular  oUvinitie  rock,  supposed 
to  be  A-nimike,  enclosed  in  the  gabbro.  They  are  hard  and 
sometimes  have  a  basaltic  structure.  A  sample  of  gabbro  from 
H.  W.  i,  8.  E.  i  sec  35, 62-8  is  420.  There  are  numerous  bould- 
ers of  fine  siliceons  greenstone  from  farther  north  seen  lying 
around  the  shores  of  the  lake.  The  Indians  call  this  lake  by 
the  same  name  as  Gabbro  lake,  viz. :  Kazuahkonabigka-gamak,  the 
lake- with-the-shoree-of-shelving- rock.  On  the  east  aide  of 
the  point  laat  mentioned  is  a  beach  of  sand  and  pebbles.  The 
latter  consist  of  siUceons  greenstonee,  porphyrytes,  granites  and 
gabbro,  421. 

The  gabbro  in  the  bay  east  of  this  point  is  smoothed  by  glacia- 
tion  and  considerably  decayed.  It  contains  in  one  place  ten  feet 
of  hard,  greenish  rock  in  a  dyke  or  bed  about  a  foot  wide,  which 
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seems  at  first  to  be  trap,  btit  is  Dot  massively  cryBtaUioe  and 
seems  to  contain  some  rounded  grains,  and  therefore  may  be 
Animike  rock  hardened  by  the  aetioa  of  the  gabbro. 

In  theS.  W.  i  of  S.  E.  i.sec  36,  62-8  there^is  a  dyke  16 
laches  vide  exposed  for  30  feet  It  is  perfectly  straight  and  is 
composed  of  tough  green  rock.  The  dyke  Tails  are  well-defiued 
and  it  maintaioa  the  same  width  for  the  whole  distance  of  its  ex- 
posure. This  rock  hardly  appears  like  trap;  it  is  too  granular 
and  not  snfBciently  crystalline.  iN'either  can  it  be  said  to  resem- 
ble the  Animike  rock.  The  direction  of  this  dyke  is  IN".  61°  E. 
422. 

In  the  8.  E.  }  sec  36,  62-8  the  gabbro  stretches  out  in  long, 
low  reefe  into  the  lake.  Beds  of  sand  which  is  the  resnlt  of  rot- 
ting gabbro  ocenpy  the  hollows.  There  seem  to  be  layers  or 
beds  in  this  gabbro  that  are  like  the  rock  found  in  the  dyke, 
422.  The  qnestion  arises  whether  this  rock  was  igneons  and 
flowed  over  on  the  gabbro  or  whether  it  is  changed  Animike 
enclosed  in  it.    Glaciation  is  N.  24°  E. 

Some  of  the  gabbro  is  fine  grained  and  brown  and  contains 
more  biotite  than  the  gray.  Perhaps  this  is  wh!^  has  been  called 
"muscovado."  One  sample  from  the  sonth  shore  of  the  lake 
just  east  of  the  range  line  in  Twp.  62-7  (nnsarveyed)  is  423. 

Swamp  Lake  river  (^Maskigosibi)  enters  lake  Isabelle  on  the 
east  side.  This  river  is  a  series  of  lakes  connected  by  a  small 
stream.  About  two  miles  Qp  this  stream  a  change  takes  place  in 
the  gabbro.  It  is  found  to  be  composed  of  re  i  sh  feldspar  and 
much  hornblende  with  a  little  biotite,  magnetite,  pyrite  and 
sometimes  galena.  Streaks  of  this  reddish  gabbro  are  first  seen 
running  tbroogh  the  gray  and  then  it  all  becomes  red,  and  large 
maasive  knolls  are  formed  of  it.  Nos.  424,  424  A.  and  424  B. 
illustrate  this  change. 

The  route  to  lake  Superior  lies  through  the  series  of  small 
lakes  connected  by  a  stream  which  comes  from  the  east  and  south- 
east. This  stream  is  very  rocky  and  full  of  rapids  and  comes 
from  Kaminisabikokak  lake  which  has  been  re-named  lake  Bel. 
lissima  This  lake  is  about  two  and  a  half  miles  across  from 
ectst  to  west  and  four  miles  long  from  N.  W.  to  S.  E.  It  is  situa- 
ted in  the  sontheast  part  of  Twp.  6L-7,  and  perhaps  extends  into 
Twp.  61-6.  Notwithstanding  the  rapids  in  the  river  a  person 
receives  the  impression  that  the  country  is  anusnally  level.  No 
hills  of  any  considerable  hight  are  seen,  and  at  times  the  stream 
is  merely  a  narrow  lake  a  mile  or  more  in  length  with  a  low 
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rapid  at  each  end  and  shores  not  over  20  feet  high.  The  coqd- 
try  has  all  been  burnt  over  and  the  only  trees  are  small  poplar, 
birch,  willowandjack  pine.  A  great  many  boulders  principally 
of  gabbro  are  seen  on  all  hands.  There  are  also  bonlders  of  trap 
and  red  Caprlferons  rock  for  two  or  three  miles  vest  of  Bellis- 
sima  lake.  The  solid  rock  is  all  gabbro.  West  of  the  lake  it  is 
nearly  pore  labradorite,  but  toward  the  east  it  is  associated  with 
a  lai^r  proportion  of  magnetite.  It  decays  rapidly  and  cram- 
bles  apart  forming  beaches  of  sand  which  is  nothing  bat  decom- 
posed labradorite  feldspar.  The  Indian  name  for  this  lake  ir 
applied  with  reference  to  the  large  nnmber  of  bonlders  which 
line  the  shores  and  stand  several  feet  oat  of  water  at  some  dis- 
tance from  the  shore  all  aronnd  the  lake. 

There  are  sand  and'  gravel  beaches,  beaches  of  small  cobble  . 
stones,  heaohee  of  moderate  sized  bonlders,  and  beaches  where 
the  bonlders  average  more  than  six  feet  in  diameter,  while  some 
are  fifteen  to  twenty  feet.  The  largest  bonlders  are  of  gabbro; 
bnt  many  of  the  smaller  ones  are  greenstone  or  red  amygda- 
loidal  trap.  There  are  comparatively  few  exposures  of  solid 
rock  aroaud  this  lake,  bnt  all  the  rock  that  is  seen  is  gray  gab- 
bro. 

The  stream  which  enters  the  soatheast  corner  of  the  lake  is 
canoeable  for  only  a  short  distance,  about  half  a  mile  above  Bel- 
lissima  lake.  A  portage  of  a  half  a  mile  is  then  made  to  a  small 
lake  and  then  another  portage  of  one  and  a  half  miles  south  to 
lake  Gaokakag,  or  lake  Harriet.  The  country  has  a  heavy  cov- 
ering of  drift  sand  and  gravel  and  bat  little  rock  is  exposed. 
Many  of  the  pebbles  and  boulders  are  from  the  Cupriferous. 
Occasionally  there  is  seen  an  outcrop  of  gabbro,  quite  coarse  and 
containing  considerable  magnetite.  The  surface  is  rolling  and 
open,  having  been  burnt  but  a  few  years  ago. 

Lake  Sarria  is  about  two  miles  long.  It  is  a  beautiful  body 
of  water  set  in  hills  heavily  covered  with  white  pine  around 
the  south  half  of  the  lake.  High  water  is  maintained  in  It  by 
a  beaver  dam  at  the  outlet  The  long  portage  necessary  to 
make  in  order  to  reach  the  lake  from  the  north  cute  off  an 
impassable  part  of  the  river.  This  lake  is  70  feet  higher  than 
the  small  lake  at  the  north  end  of  the  portage.  The  country 
between  these  two  lakes  is  good  farming  land,  bat  is  now  nearly 
bore,  having  been  burnt  recently. 

At  the  outlet  of  lake  Harriet  there  is -a  massive  exposure  of 
reddish-gray  rock,  which  crosses  the  river  and  forms  a  rapid. 
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This  rock  is  a  phase  of  the  gabbro.  Some  of  it  is  fine  and  hard 
and  very  tongh.  It  is  composed  of  hornblende,  biotite  and  red 
feldspar.  A  little  farther  south  the  rook  is  coarser  and  (wntains 
asmall  amount  of  gray  labradorite.  Then  thetwo  kinds  of  feldspar 
occur  in  eqaal  proportions.  From  here  the  red  feldspar  fades 
oat  nntil  the  asnal  condition  of  the  gray  gabbro  is  reached. 
Where  the  fine,  bard,  reddish-black  rock  is  first  seen  it  does  not 
look  at  all  like  gabbro.  !N'o&  425  to  425  C  illnstrate  the 
change. 

Hornblendic  gabbro  is  seen  in  a  low  exposnre  not  far  east  of 
the  north  end  of  the  lake.     No.  426. 

This  lake  is  situated  in  sees.  20,  29  aud  28,  60-6.  Very  few  ex- 
posures of  rock  are  seen  around  it,  the  shore  being  mostly  com- 
posed of  the  drift  which  supports  such  a  fine  growth  of  pine. 
Hills  of  drift  60  feet  high  snrroand  the  lower  end  of  the  lake. 
A  few  boulders  are  seen  on  the  lake  shores,  but  they  are  mostly 
sandy.  There  is  an  immense  accumulation  of  boulders  just 
north  of  the  lake  —  large  bare  ridges  of  all  aorta  of  boulders, 
trap,  gabbro,  Cnpriferona,  Eeewatin,  porphyry,  granite  and 
Animike  slate.    These  ridges  are  evidently  morainic  deposits. 

A  short  portage  of  286  paces  leads  southeast  from  lake  Har- 
riet to  Pine  lake  just  east  of  it.  Some  trap  and  a  peculiar  rock 
of  various  colors  and  texture  were  seen  on  this  lake.  The  notes 
here  were  taken  by  Mr.  Grant. 

A  half  mile  portage  leads  across  the  divide  from  Fine  lake  to 
a  small,  nameless  lake  30  feet  lower.  No  rock  was  seen  around 
(bis  lake. 

A  long  portage,  over  two  miles,  leads  south  to  Kapokegamak 
or  Crooked  lake,  in  Twp.  59-6.  The  conntry  is  all  covered  with 
a  fine  growth  of  green  timtwr.  The  drift  is  rich  and  evenly  dis- 
tributed and  the  land  is  good  for  farming. 

In  sec.  15,  59-6  some  fine-grained,  oliviuitic  gabbro  was  found. 
It  is  cut  by  extensive  dykes  of  green  trap. 

A  sample  of  gabbro  which  was  found  in  place  on  the  vest  side 
of  Crooked  lake  is  428.  Steep  hills  of  trap  occur  just  west  of 
the  northern  narrows,  sec.  16,  59-^.  This  trap  is  potphyritlc 
with  green  feldspar(t).  It  outcrops  in  several  spota  arouud  the 
lake  south  of  here,  429.     Glaciation  is  N,  6"  B. 

From  Crooked  lake  a  short  portage  leads  south  to  a  small 
nameless  lake  on  which  no  rock  was  seen.  From  here  a  portage 
of  one-half  mile  leads  to  Nine  Mile  lake,  so-called  because  it  is 
nine  miles  by  trail  to  lake  Superior  and  no  more  canoeing.    On 
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the  north  and  west  sidee  of  this  lake  are  ezpofinree  of  rather  fiiie> 
grained,  olivinitic  gabbro.  430. 

Following  the  nine  mile  portage  trail  south  a  diBtance  of  one 
mile  a  small  pond  leee  than  one-fourth  mile  long  is  enconntered. 
This  is  75  feet  lower  than  Nine  Mile  laka  In  the  next  half  mile 
the  trail  risea  220  feet  and  reaches  a  pond  205  feet  above  the  last 
small  lake.  Lake  Superior  can  be  seen  from  the  hills  surroond- 
iog  this  pond,  which  rise  75  feet  above  it.  The  land  on  the 
soDth  Bhore  of  the  great  lake  can  also  be  seen  with  the  naked 
eye.     This  pond  is  snpposed  to  be  in  see  36.  68-6. 

The  creek  which  flows  from  the  pond  rons  in  a  deep  goige. 
The  east  wall  of  this  gorge  is  Capriferone  and  the  west  wall  is 
fine-grained  olivinitio  gabbro  or  trap.  This  is  the  first  trae 
CDpriferons  seen  on  this  rente.  It  rises  in  high,  preoipitons 
hills  consisting  of  a  reddish  felsitic  rock  very  mnch  jointed  and 
containing  light  and  dark  spots  and  streaks.  Several  shafts 
have  been  dng  at  the  foot  of  the  gabbro  ridge  on  the  west  side 
of  the  gorge  mentioned  above.  Fragments  of  the  reddish  Caprif- 
eroQS  rock  were  thrown  ont  from  all  of  these  pits;  and  in  &ct  that 
is  apparently  the  only  rock  found  in  digging  them.  In  one  of 
these  shafts  the  red  rock  seems  to  be  in  place.  This  is  just  below 
the  lofty  blaff  of  gabbro  which  therefore  Beems  to  lie  upon  the 
Cnpriferons  here.  Still  they  may  be  side  by  side  and  neither 
one  be  above  the  other.  The  gabbro  contains  more  olivine  and 
leas  m^n^te  than  that  seen  six  miles  north  of  this  place.  The 
general  boundary  line  between  the  gabbro  and  Caprlferons  runs 
throngh  the  sonth  tiers  of  sections  in  the  east  half  of  township 
5S-6.     Samples  of  the  gabbro  aVe  431.     The  Capriferons  is  432. 

B^^een  this  high  ridge  and  the  range  of  hills  jnst  north  of 
the  lake  there  Is  a  low,  broad  valley  heavily  timbered.  The 
trail  does  not  cross  the  highest  part  of  the  ridge  along  the  lake 
shore,  bat  follows  the  valley  of  a  small  stream  which  seems  to 
have  cat  a  gorge  through  the  ridge,  but  probably  followed  a 
natural  depreseion,  No  rock  was  seen  expwed  sonth  of  the 
gabbro  ridge.  The  trail  descends  1125  feet  between  the  small 
pond  mentioned  last  and  lake  Superior.  There  are  hills  around 
this  pond  100  feet  high,  and  the  gabbro  ridge  is  therefore  1225 
feet  by  aneroid  above  lake  Snperior,  or  1827  feet  above  sea  level. 
This  trail  comes  out  at  Fork  bay.  The  hills  at  the  west  side  of 
this  bay  rise  330  to  460  feet  above  the  lake. 
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aUNPLIHT  LA£X. 

A  small  stream  from  the  north  enters  the  eaet  end  of  the  lake 
JQSt  north  of  the  bonndary  river.  A  few  rods  west  of  the  month 
of  this  creek  gabbro  ia  seen  lying  in  Animike  slates.  About 
one-eighth  of  a  mile  np  the  creek  rook  in  place  is  noticed.  This 
is  »  ridge  of  vertically  bedded  rock  supposed  to  be  Keeiratin. 
Strike  1b  K  80°  E.  Dip  is  not  constant.  Some  of  it  is  fine- 
grained and  flinty  and  resembles  the  Enife  lake  rock.  433.  Far- 
ther np  on  the  east  side  of  the  creek  the  same  rock  is  ooaraer 
and  not  so  siliceoos,  bat  contains  chlorite  or  sericite.    Xo.  434. 

It  was  becanse  of  reports  of  red  jasper  being  foand  here 
that  a  visit  was  made  to  this  creek.  This  jasper  was  found  to 
be  in  beds  of  Animike  lying  horizontally  on  the  opposite  side  of 
the  bed  of  the  creek  from  the  Keewatin.  The  bed  of  this  stream 
lies  in  the  line  of  contact  between  these  two  formations.  The 
Animike  is  flinty  and  becomes  more  reddish  farther  up  the 
creek,  436. 

About  one-quarter  of  a  mile  np  the  stream  the  creek  spreads 
oat  into  a  marshy  lake.  A  north  and  sonth  Canadian  survey 
line  between  297  T  and  298  T  crosses  the  creek  at  the  head  of  the 
rapid  water.  At  this  place,  on  the  east  side  of  the  stream,  are 
thick  beds  of  horizontal  Animike.  It  has  here  the  nature  of  a 
somewhat  decomposed,  fine,  dark  conglomerate.  The  pebbles 
in  it  are  iron  rasted;  they  are  sometimes  an  inch  long,  but  gen- 
erally less  than  half  an  inch.  They  are  flattened  horizontally, 
436.  On  a  knoll  above  this  conglomerate,  a  short  distance  east 
of  it  is  fouud  another  outcrop  of  schistose  Keewatin.  It  is  green- 
ish and  somewhat  sericitic,  437. 

In  the  bed  of  this  same  creek  there  Is  found  the  contact 
between  Keewatin  and  Animike.  The  two  rocks  are  very  simi- 
lar in  appearance  and  texture  at  the  point  of  contact,  and  it  is 
only  by  following  up  what  is  plainly  Keewatin  on  one  side 
and  what  is  known  to  be  Animike  on  the  other  until 
they  come  together  that  the  junction  could  be  determined. 
Even  then  the  actual  line  of  contact  could  not  be  seen,  being  in 
the  bed  of  the  creek  of  running  water;  but  a  person  can  stand 
with  one  foot  on  rock  that  is  plainly  horizontally  stratified  and 
is  magnetitic,  and  the  other  foot  on  a  slightly  different  rock  that 
is  lighter  colored,  contains  no  magnetite  and  has  vertical  bands 
of  sedimentation.  The  space  between  is  occupied  by  rock  that 
may  belong  to  one  formation  or  to  the  other  and  is  somewhat 
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broken  ap.  The  beet  place  to  observe  this  contact  is  at  the 
irater'a  edge  on  the  east  side  of  the  brook.  The  Keewatln 
Btrikes  N.  80°  £.  and  has  a  high  dip  to  the  north  or  is  yertlcal; 
a  little  farther  doim  the  creek,  hovever,  it  dips  S.  76°.  A  ridge 
of  the  Keeiratin  on  the  east  side  of  the  stream  rises  above  the 
Animike  vhich  liee  onconformably  in  almost  dab  beds  upon  and 
against  it.  The  Animike  is  438.  Specimens  of  the  Keevatia 
are  439. 

Going  Bonth  from  Gnnfllnt  lake  to  Loon  lake  a  ridge  of  gabbro 
300  feet  high  is  crossed.  Loon  lake  is  195  feet  above  G-aufliat  by 
aneroid.  Mayhew  lake  is  110  feet,  above  Loon  lake.  It  is  sar- 
ronnded  on  the  vest  side  by  low  gabbro  hills.  This  gabbro  con- 
tains considerable  magnetite.  Several  claim  cabins  are  located 
on  this  gabbro  ore.  The  gabbro  in  Tucker  lake  jost  vest  of 
Mayhev  lake  is  also  magnetitic.  It  is  quite  coarse  and  decayed 
and  presents  a  gneissic  or  foliated  appearance.  A  sample  from 
If.  E.  i,  N.  W.  V  sec  2,  64-3  is  440.  In  the  9.  W.  J.N".  W.  i  same 
section  there  is  some  fine  dioritio  looking  gabbro  which  also  con- 
tains  magnetite.  441.  This  lake  being  305  feet  above  Ganfliut 
it  is  not  likely  that  there  is  any  Animike  exposed  on  its  shores; 
and  indeed  none  was  seen. 

In  the  S.  E.  i,TS.  W.  i  sec.  2, 04-3  the  gabbro  contains  parallel 
bands  of  magnetite  which  dip  9.40°  and  give  the  rock  a  decidedly 
stratified  aspect.  Some  of  the  beds  or  bands  of  magnetite  are 
four  or  five  inches  thick,  others  only  a,  fraction  of  an  inch.  So. 
442. 

The  gabbro  on  the  sonth  side  of  Tucker  lake  present  a  ba- 
saltic stractare.  It  is  very  coarse  and  the  planes  of  intersection 
are  nearly  at  right  angles  with  each  other.  One  set  dips  S.  20° 
W.  45";  the  other  set  is  vertical.  The  gabbro  here  is  onnsually 
biotitic.  It  also  coatains  white  feldspar  equal  in  amount  to  the 
labradorite  in  places.  Ko  considerable  amount  of  magoetite 
was  seen  aronnd  the  lake.  It  was  all  mixed  in  with  the  gabbro. 
The  point  that  runs  through  sec.  35,  65-3,  on  Loon  lake,  is 
highest  in  the  N.  W.  i  sec  35.  It  is  made  up  of  hills  of  Aoi- 
mike  capped  by  trap  or  fine  gabbro.  There  is  here  a  thickness 
of  abODt  150  feet  of  black  Animike  slate  dipping  9.  30°  or  more, 
and  30  feet  or  more  of  trap  rock  on  top.  The  slate  and  trap  are 
repreeeotfid  by  443  and  444  respectively.  There  is  a  gradual 
transition  between  these  two  rocks,  the  slates  having  been  some- 
what metamorphosed.  Large  pieces  of  coarse  porphyry  are  seen 
on  top  of  this  hill.  One  large  mass  had  trap  rock  stock  &st  to 
Vol  in.~u.  ~ 
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one  side  of  it.  This  rock  -waa  not  seen  in  place  here,  bnt  evi- 
dently belongs  in  the  Ticinity.  Nos.  445  and  445  A.  are  the  por- 
phyry and  trap.  The  Animike  here  appears  remarkably  thick 
and  the  gabbro  on  top  of  leas  depth  than  sapposed. 

In  the  N.  W.  i,  N.  W.  J  sec.  23,  65-4  U  a  pit  12  feet  deep 
which  goes  down  through  highly  magnetitio  beds  of  Animike 
for  nine  feet  and  then  into  the  granite.  This  is  nearly  as  high 
as  the  top  of  the  Giant's  range.  The  Animike  is  fine-grained 
and  contains  less  olivine  than  that  south  of  Birch  lake,  bat  has 
very  much  the  same  general  appearance  and  lies  like  it,  in  strata 
dipping  S.  15°  to  30°.  The  best  ore  here  is  qnite  pnre.  Aboat 
fonr  feet  thickness  of  this  good  ore  is  seen  at  the  top  of  the  shaft. 
446.  This  ore  possesses  very  strong  magnetic  properties.  The 
beds  of  Animike  which  lie  upon  or  closely  above  the  syenite  and 
granite  seem  to  be  very  generally  ferraginoos  and  sometimes 
excellent  ore. 

The  rock  of  the  Giant's  range  here  is  very  similar  in  texture  to 
that  sooth  and  west  of  Birch  lake, — only  it  seems  to  contain 
mica  here  Instead  of  hornblende.  The  gneissic  stmetnre,  how- 
ever, the  color  and  the  abnndanceof  large  blnishgrainsof  qaartz 
are  suggestive  features  and  remind  one  instantly  of  the  Oianf  s 
range  at  Birch  lake  and  at  Hinsdale. 

Gvnfiint  lake  to  Offishke  Muncis.  In  the  X.  E.  }  sec.  25,  65-4, 
jost  at  the  upper  end  of  the  first  portage  on  the  river  above  Gnn- 
flint  lake  is  a  blnfl^of  Animike  slates  on  the  soathside  of  the 
stream,  75  feet  high.  The  northern  face  of  the  bla^  is  perpendic- 
ular, exposing  finely  the  edges  of  the  nearly  horizontal  strata  of 
black  slate.  This  blnff  of  slate  is  seen  to  lie  npon  trap  rock  into 
which  it  grades  by  the  metamorphism  of  its  lower  beds.  This 
trap  or  greenstone  extends  in  a  bare  exposure  for  20  rods  or  more 
north  of  the  river.  It  is  seen  to  be  at  least  ten  feet  thick  and  has 
a  surface  dip  the  same  as  the  slate  beds.  In  some  places  it  is  por- 
phyritic  with  white  feldspar  in  spots  or  streaks:  it  then  looks 
like  the  porphyry,  445,  fooud  south  of  Loon  lake.  There  Is  a 
great  exposure  of  this  massive  rock  here,  and  it  is  plainly  seen 
to  run  under  the  slate  bluff.  Some  of  the  Animike  is  a  breccia 
containing  angular  pieces  of  some  sedimentary  rock  and  of  a 
crystalline  rock  as  large  as  six  inches  in  diameter. 

The  greenstone  which  is  probably  part  of  the  Keewatln,  is  cot 
by  a  fine  trap  dyke  8  to  15  inches  wide,  exposed  for  150  feet 
mnning  N.  10°  E.  It  contains  pieces  of  the  Animike  or  some 
other  sedimentary  rock.    Two  or  three  smaller  dykes  ran  at 
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right  angles  to  this  one.  Nos.  447  to  447  H  are  from  here,  aleo 
Ho.  448,  which  repreaents  the  brecoiatnd  Animike. 

On  the  trail  which  runs  weet  through  sections  26,  27  and  28, 
65-4,  no  rock  other  than  Animikeisseen.  The  country  is  ele- 
vated, 400  feet  at  least  above  Ganflint  lake,  and  yet  the  nearly 
horizontal  beds  of  slate  are  found  all  the  way  up  to  the  top. 
Some  of  it  is  quite  magnetic,  but  most  of  it  is  dark  carbona- 
ceous fdate.  Boulders  of  conglomerate  apparently  belonging  to 
this  formation  but  not  seen  in  place  are  No.  449.  Pebbles  of 
qnartzose  and  feldspathic  rocks  an  inch  and  a  half  long  are 
found  in  this  conglomerate. 

A  diamond  drill  has  been  operated  on  the  north  side  of  the 
creek  in  If.  W.  }  of  see.  28,  65-4.  There  has  also  been  made  a 
crosa  cnt  here  up  on  to  the  hill.  The  beds  of  Auimike  slate 
asd  olivinitic  magnetite  have  here  a  much  higher  dip  than  usual, 
—  S.  60°  —  S.  76°.  There  is  considerable  good  magnetite  here, 
bnt  the  beds  are  not  thick  enough  to  pay  for  working,  450.  The 
tilted  condition  of  the  Animike  seems  to  be  accounted  for  by  the 
rock  which  lies  under  it  and  which  rises  about  100  feet  above  it 
in  the  ridge  north.  This  rock  is  a  kind  of  greenstone  (Eee- 
watin),  in  some  places  looking  a  little  like  fine  decomposing 
gabbro,  containing  considerable  biotite  at  this  locality.  It  con- 
tains labradorite  and  olivine  and  very  little  magnetite..  The 
Animike  is  plainly  seen  to  lie  upon  this  rock  which  has  slightly 
metamorphosed  the  nearest  or  bottom  bed  of  quartzyte  and  iron 
ore.  The  lower  beds  of  the  iron  bearing  formation  here  are 
often  exceedingly  pyritons.  Nos.  451  and  452  are  from  here. 
The  latter  number  is  applied  to  drill  cores  from  here.  These 
show  the  gradations  and  changes  of  the  Auimike  beds  as  they 
become  crystalline  toward  the  bottom  and  pass  through  meta- 
morphosed strata  into  the  greenstone.  The  manner  in  which 
the  drill  penetrated  the  beds  of  Animike  is  shown  by  the  follow- 
ing diagranL 
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Itg.a.    AntmiitbeiUimBreeniiimi.    WeaC  of  OaDDtnt  laka.    Eut  of  Chub  like. 


This  greetiBtone-gabbro  ridge  rons  west  of  here  for  several 
mllee,  and  the  Animike  is  foacd  to  lie  on  it  in  several  other 
localities  mach  the  same  as  it  does  here. 

Another  drilling  was  made  about  i  mile  south  of  the  camp  in 
sec.  28,  65-^  Samples  from  here  are  453.  These  drill  cores 
show  tlie  streaks  and  bands  of  hornblende  crystals  which  are 
found  in  the  lower  beds  of  the  Animike  qoartzyte;  also  the 
pyritiferons  strata.  Some  of  them  contain  biotite  also  and  are 
partially  metamorphosed  into  the  underlying  greenstone.  This 
drilling  according  to  Mr.  John  M.  Millar  of  Grand  Marais,  one 
of  the  owners  of  the  land,  went  through  the  ore  in  which  it 
start«d,  and  about  12  feet  into  the  "  north  qu'artzjrte;"  by  which 
be  must  mean  the  underlying  greenstone. 

The  same  parties  who  did  the  work  mentioned  above  also 
drilled  in  the  N.  E.  i  sec.  29,  65-4  a  short  distance  west  of  the 
first  drillings.  According  to  Mr.  Millar  the  record  for  this  work- 
ing, which  is  near  Chub  lake,*  is  as  follows:  Quartzyte  36  feet, 
clean  ore  15  feet,  mixed  ore  17  feet,  clean  ore  10  feet,  greenstone 
12  feet.  Mr.  Millar  calls  the  last  "  the  north  quartzyte,"  but  he 
evidently  must  refer  to  the  greenstone  on  which  the  ore  and 
quartzyte  beds  lie. 

From  this  record  it  seems  that  there  is  a  Ifirge  quantity  of 
magnetite  at  this  place  which  will  probably  prove  to  be  valuable. 
The  parties  who  own  this  property  are  waiting  only  for  the  ad- 
vent of  a  railroad  to  commence  extensive  mining  operations. 
This  is  the  first  deposit  in  the  Animike  in  Minueeota  known  to 

•  Hr.  Ulllu  atatea  tbtt  Ibe  nimit  "  Akelor  "  wu  (pplladW  thia  Uke  nttnl  yau*  baton  1^ 
vu  csllcd  "Chub  luke,"  No  pup,  bowcTtr.  bu  btm  soeu  lo  )»•■  that  name  uid  u  tt  hu 
■liHidj  be«n  nhrrcd  U  in  published  nporta  u  Chub  like,  tha  nuns  ii  nUined. 
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be  of  anffident  extent-  and  richness  to  repay  inrestment  and 
deTelopment. 

Ttie  ofinal  route  to  Ogishke  Mnncie  was  not  followed  here,  but 
the  more  circnitona  one  through  the  lakes  soathwest  of  Ghnb 
lake  was  taken.  I  can  not  refrain  from  stating  here  by  way  of 
parenthesla  that  the  township  plat  of  65-4  is  the  most  unreliable 
of  any  it  has  ever  been  my  misfortane  to  be  misled  by.  The 
lakes  in  the  southwest  part  of  the  township  are  delineated  by 
guess-work  and  very  poor  at  that. 

In  the  N.  W.  i  sec  35,  6&~6  la  a  knoll  of  Animike  qnartzyte. 
It  has  an  elevation  of  abont  60  feet  on  the  south  side  of  the 
stream.  It  dips  sooth  about  75°  and  strikes  east  and  west.  It 
contains  thin  beds  of  good  magnetite,  451.  Across  the  vaUey 
which  lies  on  the  south  side  of  it,  is  found  gabbro. 

About  a  quarter  of  a  mile  west  of  the  last  is  a  portage  of  100 
paces  aronud  a  rapid  in  the  small  stream.  It  is  here  seen  that  the 
knoll  spoken  of  above  is  a  part  of  a  ridge  of  Auimike  that  is 
found  all  along  the  south  aide  of  this  marshy  stream.  On  the 
south  side  of  this  portage  trail,  S".  W.  i  sec.  35,  65-5,  is  a  pre- 
cipitous bluff  about  40  feet  high,  facing  north.  The  lower  half 
or  perhaps  one-third  of  this  bluff  consists  of  greenstone  similar 
to  that  north  of  Chub  lake,  but  containing  less  biotite.  The 
upper  half  or  two-thirds  is  Animike  qnartzyte  and  iron  ore 
tilted  up  so  as  to  dip  S.  70°'or  more  and  striking  about  east  and 
we^.  There  is  an  abrupt  line  of  contact  here  shown  to  exist 
b^ween  the  qnartzyte  and  the  Keewatin  (t)  greenstone  and  the 
impression  made  upon  an  observer  of  the  situation  is  that  the 
greenstoue  is  the  cause  of  high  dip  of  the  qnartzyte  and  iron 
ore  beds. 

This  is  a  very  flue  contact.  The  stratified  quartzyte  is  seen 
for  several  feet  lying  directly  upon  the  massive  greenstoue.  At 
this  place  then  the  Animike  is  but  very  slightly  modified  by  the 
igneous  rock  beneath  it,  and  on  that  account  it  seems  as  though 
the  strata  must  have  been  deposited  in  a  horizontal  position  on 
the  greenstone  and  that  both  were  folded  and  tilted  at  a  later 
period.  But  at  other  places  east  of  here  a  few  miles  the  Ani- 
mike is  greatly  metamorphosed  so  that  the  line  of  contact  is  not 
discernible,  and  the  greenstone  might  be  snpposed  to  be  all 
modified  Animike.  The  greenstone  near  the  contact  is  a  little 
finer-grained  and  Iras  massive  than  it  is  two  feet  below;  but  no 
other  change  is  apparent.  Specimens  of  the  Animike  &om  the 
contact  are  455.    The  contact  was  seen  again  150  paces  west  of 
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this  place;  bnt  it  is  not  so  plainly  visible.  Samples  of  the  Ani- 
mike  from  the  western  contact  are  466  A.  Specimeos  of  the 
greenstone  from  the  eastern  place  are  Sob.  456  to  456  C,  taken  in 
order  recediog  from  the  line  of  contact.  Greenstone  from  the 
vestern  contact  is  No.  456  D. 


ftf.  i.    Antmila  lying  on  gretntUme,  Towuililp  S3-S. 

At  the  upper  end  of  the  portage  are  some  large  ] 
greenstone,  not  in  place,  which  are  conglomeritic  Konnded 
pebblea  and  boolders  of  light  and  dark  colored  rock — some  of 
them  six  inches  in  diameter — occnr  in  it.  This  rock  seemed  to 
be  very  much  like  the  conglomerate  of  Ogishke  Muncie  lake, 
457. 

On  the  north  side  of  the  creek  from  the  blnflf  where  the  con- 
tact is  seen  there  is  a  higher  ridge  than  on  the  south  aide.  The 
rock  composing  it  does  not  appear  to  he  so.tongh  and  basic  as 
most  of  the  rock  which  is  snbjacent  to  the  Animike  quartzyte  in 
this  region,  458.  It  is  a  fine,  gi-eenish-brown,  crystalline  rook 
containing  feldspar,  mica,  olivine  (t)  and  a  little  magnetite. 

Iron  ore  is  marked  on  the  plat  as  existing  in  large  quantities  on 
the  line  between  sections  12  and  13, 64-6.  This  locality  was  vis- 
ited and  the  rock  was  found  to  be  magnetitic  gabbro.  No  good 
magnetite  was  seen.  Some  of  the  gabbro  from  this  place  is  very 
coarse  and  contains  coarse  hornblende,  458  A. 

Qabbro  is  the  only  rock  found  along  the  shore  of  Gabemichi- 
gama  lake  for  some  distance  from  the  N.  K  comer  sec.  6,  64-5, 
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459.  It  ia  quite  fine  grained  and  somewhat  decayed.  On  the 
sonth  side  of  the  island  in  TS.  W.  i  sec.  6,  64-5,  however,  was 
found  a  bluff  of  rook  rising  20  feet  oat  of  the  lake,  which  may 
be  modified  Animike.  It  has  gabbro  on  top  and  to  the  north  of 
it.  It  is  apparently  not  connected  with  tiie  trap  dyke  which 
croeaes  the  point  sonthwest  of  the  island  on  the  main  shore. 

Iron  ore  being  reported  in  the  8.  E.  i  sec.  1,  64-6,  this  place 
traa  visited.  No  extensive  deposits  of  high  grade  or  even 
medinm  grade  ore  were  foand.  The  rock  is  gabbro  which  is 
ferrt^nona  in  spots,  461.  A  rock  was  foand  here,  lying  under 
the  gabbro,  which  may  be  Fewabio  qaartzyte.  It  is  gray  and 
fine-granular  and  when  decomposed  resemblee  a  sandstone.  So 
little  of  it  crops  out  of  the  hill  here,  and  it  is  so  covered  by 
debris  from  above  that  bat  Uttle  could  be  learned  concerning  its 
relation  to  the  gabbro,  462. 

OITEB  TBAOK  LAKE. 

Bed  jasper  and  vertical  magnetitic  sohistshaving  been  reported 
from  this  lake  a  visit  was  made  to  it.  The  lake  is  surrounded 
by  high  hills  of  siliceo-felsitio  rock  standing  In  vertical  beds 
which  strike  on  the  average  K.  66°  to  IS.  70°  E.  on  the  south  side 
of  the  lake.  The  strike,  however,  is  not  constant  in  aU  parte  of 
the  region  bordering  on  the  lake.  In  some  places  near  the  west 
end  of  the  lake  the  evidences  of  aqueous  defioeitioa  are  anmis- 
tokable  and  exist  in  the  shape  of  parti-colored  bands  rnnning 
through  the  fiinty  rock.  These  bands  do  not  always  coincide 
with  the  schistosity  which  ia  a  more  general  structUVe  and  sub- 
ject to  fewer  deviations  from  the  usual  direction. 

In  the  N.  W.  i  sec.  S3,  66-6  the  hills  are  very  high,  being  290 
feet  above  the  lake  by  aneroid.  N'ear  the  lake  the  rock  is  feld- 
spathic  and  graywackenitic.  Farther  south  it  becomes  almost 
aphanitic  and  is  flinty.  One  sample  which  shows  a  conglomer- 
itio  aspect  of  this  rock  is  463.  A  sample  which  is  very  much 
like  the  magma  of  the  Ogisbke  conglomerate  is  463  A.  Other 
specimens  showing  the  graduation  into  flint  are  Kos.  464,  464  A 
uid  464  B. 

In  the  bottom  of  the  valley  in  N.  W.  ),  N.  W.  i  sec.  33,  66-6 
some  of  the  rock  is  magnetitic.  It  stands  like  the  rest  of  the 
rock  and  the  ferruginous  strata  are  very  limited  in  extent.  466. 
Up  on  the  hill  east  of  the  last  are  seen  a  couple  of  short  twisted 
jaspilyte  beds  incloaed  in  the  rock.    They  are  not  over  a  foot  or 
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eighteeD  inches  wide  and  bnt  a  few  feet  loag.  Therf  stand  verti- 
cal. The  iron  ore  in  them  is  magnetite.  N^o.  466.  The  contact 
between  the  jaspilyte  and  Keewatin  is  abrapt.  4:66  A. 

On  the  north  side  of  Otter  Track  lake  in  what  wonld  be  the 
N.  W.  i  sec.  27,  66-6  if  the  U.  8.  surrey  lines  were  extended 
across  into  Canada,  is  a  perpendicalar  blufT  of  rock  120  feet  high 
and  rising  still  mnch  higher  a  short  distance  back  from  the  lake. 
This  blnfif  consists  of  sericitic  or  chloritic  schists  in  vertioal  beds 
—  as  far  as  any  bedding  was  observed — and  striking  N.  75°  E. 
At  the  top  this  rock  is  seen  to  be  a  coarse  green  agglomerate 
like  that  in  the  Keewatin  at  Long  lake,  made  up  of  coarse  boul- 
ders of  the  same  material  as  the  formation  in  general.  It  is  also 
caldferooB,  and  the  boulders  are  amygdaloidal,  particularly 
around  their  periphery.  In  &ct  the  rock  is  macroseopically 
identically  the  same  in  every  respect  as  that  around  Ely.  Sam- 
ples of  the  boulders  which  contain  amygdules  are  467.  Speci- 
mens from  boulders  which  were  not  amygdaloidal  are  467  A. 
The  rock  between  and  around  the  boulders  is  calciferons  and 
sometimes  quartzose,  and  is  very  frequently  a  breccia,  468.  This 
rock  appears  very  mnch  like  the  r^nlar  Keewatin  schists  which 
grade  into  it  in  this  region  and  which  grade  in  the  other  direc- 
tion into  the  fine  vertically  bedded  siliceous  rock  of  Knife  lake, 
and  the  same  rock  on  the  north  side  of  this  lake  both  of  which 
show  indisputable  sedimentary  banding.  It  is  impossible  to 
separate  or  distinguish  a  line  of  separation  between  these  rocks. 
They  grade  conformably  into  each  other. 

Just  east  of  the  perpendicular  bluflf  mentioned  above,  the 
blnffe  are  lower.  The  next  one  east  is  a  cliff  of  magnetitic  jas- 
pilyte. The  beds  of  ore  and  jasper  are  very  mnch  crumpled  and 
distorted;  bat  in  spite  of  the  folding  and  doubling  the  strata  are 
always  nearly  vertical.  The  jasper  is  colored  various  shades  of 
red  to  nearly  or  quite  black,  and  the  iron  ore  does  not  amount  to 
much.  There  is,  however,  a  large  body  of  these  iron  schists 
inclosed  in  the  green  schists  here,  the  jaspilyte  continaing  for 
100  paces  along  the  shore  and  40  paces  back  from  the  brow  of 
the  cliff.  The  green  schist  rnns  into  and  around  parts  of  the  jas- 
pilyte in  long  elbows  and^tongues.  The  contact  between  the  two 
was  seen  in  several  places.  It  was  always  abrupt  and  vertical 
and  the  change  was  not^gradual  but  immediatefromone  to  the 
other.  The  contact  lines  are  in  all  directions  of  the  compass. 
The  jasper  soon*  becomes  narrower  and  stops  suddenly  at  both 
ends  in  the  line  of  strike.^It*isja  little  peculiar  that  such  a 
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crumpled  mass  of  jasper  and  magnetite  should  occur  in  the  green 
schists  here  and  have  no  continuation  in  the  line  of  strike  nor 
say  connection  with  the  Eeewatln.  Samples  of  the  jaspilybe  are 
469.  The  magnetite  is  469  A.  Specimens  of  schist  andjaspilyte 
from  a  contact  are  Kos.  470  and  470  A.  the  strata  in  the  jasper 
and  iron  cliff  are  generally  less  than  half  an  inch  thick  bnt  some- 
times a  stratum  of  jasper  two  inches  wide  is  seen.  Glaciated  sar- 
faces  are  obeerred  on  the  side  walls  of  these  blnf&  both  at  top  and 
bottom. 

The  following  figure  shows  how  the  jaspilyte  beds  are  crum- 
pled. 


i 


Ap.B.   JUiloritHiiiiiii! SiupS^;yionhilum(XltrTraitklakt. 

There  is  a  trail  mnning  north  from  OtberTrack  lake  about  one 
mile  and  a  half  li-om  the  western  end.  The  country  is  surveyed 
and  good  lines  are  cat.  The  hills  crossed  bj  the  trail  are  very 
high,  some  of  them  beii^  the  most  elevated  land  in  the  entire 
r^on,  commaQding  a  view  of  the  country  for  miles  around. 
They  are  all  heavily  timbered  and  have  some  good  white  and 
Norway  pine. 

Vol.  Ill— .15 
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The  Tocfc  is  the  same  fo(  at  least  a  mile  and  a  half  north  of  the 
,  lake.  That  is,  it  all  belongs  to  the  same  formation,  snpposed  to 
be  the  Keewatin.  It  stands  in  vertical  beds  which  strike  N.  50° 
to  N.  75°  E.  Some  of  it  is  gnite  finely  schistose  and  chloritio 
and  some  becomes  hard  and  feldspathic  and  semi-crystalline.  A 
tough,  green  sample  of  the  latter  kind  of  rock  is  471.  It  is 
&om  the  corner  marked  "B333"  and  "B  337,"  aboat  half  a 
mile  north  of  the  lake. 

One  high  ridge  consists  of  this  green  rock  in  a  porphyritic 
state;  The  feldspar  crystals  are  large  bat  are  not  pnre  nor  angu- 
lar in  shape.  In  l^t  they  appear  more  like  roanded  lamps  of 
white  felsyte,  bat  are  evidently  crystalline.  Samples  of  this  rock 
from  the  north  side  of  a  lake  about  half  a  mile  long  which  lies 
near  Otter  Track  lake  on  the  north,  are  472. 

Coarse  agglomeritic  greenstone  similar  to  that  at  Ely  was  ^so 
seen  here.  It  always  presents  the  fine  amygdaloidal  canities 
and  small  caldte  amygdales  around  the  peripheries  of  the  boulder 
forms  inclosed  in  it. 

In  many  places  north  of  this  lake  there  may  be  seen  beds  of 
red  and  black  jasper  and  magnetite  enclosed  in  the  green  rock. 
These  deposits  vary  in  extent  and  in  the  richness  and  parity  of 
the  ore  which  they  contain.  Sometimes  the  rock  itself  seems  to 
fode  into  jasper  and  to  become  fermginons  and  banded.  At 
other  times  the  rode  is  qaite  massive  in  appearance  and  has  an 
abrupt  contact  with  the  enclosed  masses  of  jaspilyte.  The  fact 
that  some  of  the  jaspilyte  beds  seem  to  graduate  into  the  green 
rook  seema  to  afford  some  support  to  the  theory  that  some  beds 
of  the  Keewatin  formation  are  fermginons,  and  that  owing  to 
their  different  composition  they  were  not  rendered  hard,  mas- 
sive and  senu-erystaUine  nor  soft  and  schistose  by  the  heat  and 
pressure  attendant  npon  the  folding  of  the  earth's  omst,  but 
present  the  evidence  of  having  been  subjected  to  these  same 
forces  and  inflnenoee  in  the  crumpled  condition  of  their  strata. 
It  is  very  seldom  that  the  beds  of  jaspilyte  are  straight  for 
any  considerable  distance.  They  are  almost  always  folded  and 
bent  as  in  the  foregoing  diagram. 

Samples  of  the  rock  which  seem  to  be  grading  into  red  and 
black  jasper  are  Soa.  473  and  473  A.  A  sample  In  which  the 
magnetite  appears  in  the  green  rock  and  not  in  jasper  is  47S  R 
The  jaspilyte  is  474.  An  aver^^  sample  of  the  non-schistose 
variety  of  this  rock  is  476. 

This  green  rock  is  all  very  much  jointed  and  decayed  £ar  into 
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the  seamB  and  it  is  difBcalt  to  obtain  frwh  eamples.  No  exten> 
sire  iron  ore  depoeite  were  seen.  The  beds  of  Jasper  and  mag- 
netite all  seem  to  be  qnite  limited  in  extent  both  aa  to  length 
and  thiokneas,  and  what  there  is,  is  at  least  half  jasper  and  the 
other  half  bat  poor  iron  ore. 

LAKE  TIBA. 

This  lake  is  reached  by  a  portage  of  900  paces  from  the  south' 
w€flt  end  of  Knife  lake.  It  Uee  in  sections  1,  2  and  3,  64-8  and 
is  snrronnded  by  vertical  schists  and  argillytes.  A  sample  of 
argillyte  from  the  N.  W.  J  of  8.  E.  J  sec  2,  64-S  is  a  fair  illus- 
tration of  most  of  the  rock  sarronnding  this  lake,  176.  The 
strike  is  "S.  80°  E.:  dip  at  a  high  angle  to  the  north:  glaciation 
N.  40°  E.  This  lake  does  not  differ  moch  from  Knife  lake  in 
hight:  bat  it  is  40  feet  by  aneroid  above  Ensign  lake  into  which 
it  flows  by  a  good-sized  stream. 

There  are  high  precipitous  blnfif^  of  schist  and  graywacke  at 
the  weet  end  of  the  lake.  We  cut  a  portage  of  1160  paces  ftom 
lake  Vira  to  Ensign  lake.  The  country  between  Knife  lake  and 
Yira  lake  is  burnt  over,  bnt  that  from  ¥ira  lake  to  Ensign  lake 
is  covered  with  green  timber. 

In  the  N.  E.  i  sec.  10,  64-8  on  Ensign  lake  the  rook  is  a  soft, 
fissile  ai^llltio  schist  showing  no  bands  of  sedimentation  bat 
having  a  wavy  schistose  stmcture  trending  K.  80°  E.  The  dip 
is  about  vertical  or  at  a  high  angle  to  the  north.  Qlaciatiou  is 
N.  24°  E. 

DIBAPPOINTHENT  LAKE. 

This  lake  is  reached  by  a  portage  of  1160  pacee  from  Snow- 
bank  lake.  There  are  two  other  ways  to  reach  it  by  good  port- 
age trails.  The  physical  aspect  of  the  country  around  this  lake 
is  quite  different  from  that  around  Snowbank  lake.  It  is  in  a 
burnt  region  where  the  bare  and  dead  tree  trunks  are  still  stand- 
ing.   This  lake  ia  75  feet  by  aneroid  above  Snowbank. 

About  400  pacee  ftom  Snowbank  lake  a  ridge  of  mioa  schist 
is  crossed  by  the  trail.  The  mica  is  in  small  glistening  aoales. 
The  strike  of  this  schist  is  N.  46°  E.  A  sample  from  S.  W.  i, 
a.  W.  i  sec  32,  64-8  is  477. 

This  mioa  schist  is  cut  and  penetrated  by  intrusions  or  veins 
of  fine-grained,  red  granite.    This  appears  in  the  next  ridge 
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east  of  last,  478.  Large  masses  of  conglomeritic  mica  schist  ap- 
pear liei«  on  the  Bar&oe  bnt  do  not  seem  to  be  in  place.  This 
roofc  however  la  found  in  8itu  at  the  east  end  of  the  portage  in  S. 
E.  i  sec.  32,  64-8.  The  schist  is  hornblendic  and  appears  to  be 
hardened.  It  is  fnll  of  boulders  of  various  kinds  of  crystalline 
TQCks  in  masses  of  all  sizes  ap  to  a  foot  in  diameter.  There  is  a 
great  deal  of  this  rock  here.  TSo.  480.  A  sample  of  mica  schist 
from  here  which  is  not  from  conglomeritic  beds  and  is  more  schis- 
tose than  that  which  is,  is  479.  The  conglomeritic  mica  schist  is 
also  pen^rated  by  the  red  granite  intmsions.  480  A.  These  are 
of  all  thicknesses  np  to  20  feet  and  run  in  all  directions. 

There  is  a  dyke  of  trap  rock  on  the  north  side  of  the  portage 
at  this  lake.  It  is  about  10  feet  wide,  and  rans  K.  30°  W.,  481. 
The  strike  of  the  schists  here  ia  not  that  of  the  formations  gen- 
erally in  this  region.  It  varies  fh>m  N.  E.  and  S.  W.  to  N.  and 
8.    In  the  N.  W.  i  sec.  6,  63-8,  the  strike  is  K  16"  E. 

The  schist  is  decidedly  conglomeritic  in  the  Jf.  E.  i  sec  5, 
63-8.  Most  of  the  boulders  are  lenticolar,  bat  many  of  them 
are  nearly  round.  The  general  strike,  where  there  is  any  strike 
apparent,  is  N.  30°  £.  One  sample  of  finely  conglomeritic  mica 
schist  is  489. 

In  the  S.  i  If.  W,  t  sec.  4,  63-8  the  mica  schist  seems  to 
undergo  a  decided  change,  going  east  along  the  lake  shore.  It 
becomes  less  schistose,  contains  less  mica  and  occnrs  in  hiUs  and 
knolls  of  uneven  bight  which  do  not  display  any  strike  or  evi- 
dence of  sedimentation  or  schistosity.  In  the  S.  E.  ^,  K.  E.  t 
sec.  4,  63-8  the  rock  does  not  seem  to  contain  any  mica,  bat  is  a 
fine  grained,  grayish-brown  rock  like  what  has  been  termed  in 
some  former  reports  of  this  survey  "muscovado."  It  lies  in 
ronnd-topped  knolls  which  have  the  shape  and  appearance,  at 
a  little  distance,  of  gabbro  hills.  Some  of  it  is  peculiarly  mot- 
tled. 

Going  south  from  Disappointment  lake  into  the  S.  E.  }  of  S. 
W.  1^  sec.  4,*  63-8  a  ridge  of  magnetite  and  qnartzyte  is  crossed. 
It  is  about  ten  rods  wide:  the  strata  stand  nearly  vertical  and 
strike,  as  nearly  as  could  be  estimated,  for  the  needle  is  reversed, 
X.70°E.  Thisrockis  supposed  to  beAnimike.  It  is  oliviniticand 
fine-grained  and  the  iron  ore  is  brilliant  and  granular  and  very  mag- 
netic like  the  other  ore  fh)m  the  same  horizon.  The  only  reason 
for  doubting  that  it  is  Animike  is  that  it  stands  on  edge  and  has 
the  "muscovado"  or  altered  mica  schist  on  the  north  of  it. 

Mr.  H-W-Cheadleownsaclaim  here.    He  has  done  some  strip- 
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ping  which  gives  a  good  ae<tioii  of  the  rocks  ap  tiie  elope  of  the 
hill.  Fine-gralDed  gabbro  is  Been  lying  on  the  np-tnrned  edges 
of  the  iron  ore  beds.  This  forms  a  small  ridge.  The  next  ridge 
to  the  soQth  is  composed  of  coarse  gabbro  containing  a  large  per 
cent  of  titoniferons  ( T )  magnetite.  South  of  here  are  liigh  ridges 
of  this  same' gabbro.  Nob.  490,  490  A.and  490  B  shov  the  tran- 
sition from  mica  schist  to  masoovado ;  491  is  the  Animike  iron  ore 
and  qnartzyte.  This  rock  is  maoh  decayed  and  broken.  It  has 
suffered  the  effects  of  frost  and  forest  fires  as  veil  as  of  upturn- 
ing, gabbro  overflow  and  glaciation.  Fioe-gralDed  gabbro  horn 
OQ  top  of  the  ore  beds  is  492.  Coarse  gabbro  is  493.  There  is 
qoite  a  deposit  of  good  magnetite  here  which  may  prove  to  be 
valaable. 

The  moacovado  schist  or  rather  the  mica  schist  has  somewhat 
the  aspect  of  an  altered  igneoos  rook.  It  is  not  regnlarly 
schistose  norvery  micaceous  bat  is  fall  of  holes  and  farrows,  etc. 
The  muscovado  again  grades  into  mica  Bohist  which  is  so  feld- 
Bpathic  as  to  be  almost  gneiss,  east  of  here.  It  is  also  generally 
conglomeriticj  in  some  places  almost  entirely  composed  of  small 
pebbles  and  boulders,  in  others  not  any  being  seen.  Specimens 
of  this  rock  &om  the  N.  E.  i  sec  4,  63-^,  are  numbered  494. 

The  mica  schist  in  the  S.  W.  i  sec.  34,  &4r-S  approaches  gneiss 
in  texture  and  composition.  It  is  hardly  at  all  schistose  and  in 
places  is  almost  massive  bat  has  the  cleavage  and  color  of  mica 
schist.  It  oootcuns  fine" hornblende  crystale.  Some  of  it  is  firm 
and  brittle  and  may  be  called  fine  syenite,  495. 

In  the  S.  W.  i  sec.  34,  64-3  the  mica  schist  becomes  much 
more  re^lar  and  loses  its  conglomeritic  aspect.  It  is  hard  and 
fioe-grained.  No  definite  and  permanent  strike  or  dip  is  diB- 
oemible. 

Near  the  west  quarter  post  of  sec.  34,  64-8  the  mica  schist  has 
a  kind  of  structnre  which  runs  N,  10°  W.  It  also  becomes  con- 
glomeritic, containing  flattened  boulders  of  granite  and  other 
varieties  of  cryBtalline  rock  eight  inches  long.  The  longer  axes 
of  these  boulders  point  K.  10°  W.  This  is  regular  mica  schist 
ooDglomerate  not  like  the  many  boulders  and  fragments  of  dia- 
basic  and  porphyritic  agglomerate  which  abound  in  this  place. 
There  is  a  great  exposure  of  conglomeritic  mica  schist  in  the 
N.  E.  J  sec.  33,  64-8.  It  aU  has  a  general  strike  N.  10°  W.,  and 
seems  to  be  r^alar  mica  schist,  496. 

In  the  N.  W.  *  sec.  34  and  the  S.  W.  t  sec.  27,  64~S  there  is  a 
most  wonderiol  exhibition  of  conglomerate  and  diabase.     G^oing 
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east  from  the  point  id  the  N*.  E.  i  aeo.  33  the  oonglomeritio  mica 
schist  becomes  coaraer  and  more  full  of  boalders.  Theae  consist 
of  Tariona  kindsof  light-colored  crystalline  and  dark  horoblendic 
rocks;  and  are  many  of  them  a  foot  long.  The  mica  schist  grad- 
ually becomes  harder  and  less  ailiceons  until  it  is  diabasic.  EaM 
of  the  lake  there  are  high,  ridges  rising  75  to  160  feet  above  the 
water.  These  become  more  and  more  diabasic  antil  they  cul- 
minate in  abigh  ridge  of  nearly  masslTe  diabase  about  a  quarter 
of  a  mile  from  the  lake.  There  is  a  coarse  schistoslty  seen  in 
this  ridge  in  places.  The  strike  of  the  rocks  as  shown  by  the 
Bohistosity,  the  direction  of  the  loiter  axes  of  the  boulders  and 
Uie  foliation  of  the  mica  schist  are  aU  about  rwrihaeiA.  These 
ridges  offer  one  of  the  finest  ezposaree  of  conglomerate  and 
agglomerate  seen  in  this  entire  r^on.  The  rook  in  places  is 
jnstasfall  of  boulders  as  it  can  be.  These  become  smaller  and 
more  compressed  toward  the  east,  and  disappear  altogether  in 
the  vicinity  of  the  diabase  ridge.  Some  of  the  diabasic  schist  is 
porphyritic.  Samples  of  the  conglomerate  are  497.  Diabasic 
schist  is  198.  Diabase  is  499.  Gneissic  schist  &om  the  edge  of 
the  lake  showing  foliation  which  was  northwest  is  500.  Biotite 
schist  from  a  well-defined  dyke  about  a  foot  wide  which  cuts  Uie 
diabasic  agglomerate,  mnning  about  east  and  west,  is  501. 

It  is  quite  remarkable  that  there  is  here  a  gradual  transition 
from  mica  schist  to  diabase.  There  is  no  place  where  there  is 
an  abrnpt  change.  The  mics  schist  15  conglomeritic  and  the 
diabase  is  agglomeritic  They  are  both  schistose  and  have  the 
same  trend  and  seem  to  be  vertical,  as  for  as  bedding  is  indicated 
by  foliation  and  sohistosity.  It  is  a  vety  thick  conglomerate  too: 
fully  two  miles  across  the  strike.  "So  attempt  will  be  made  to 
account  fbr  this  transition  here  nor  to  prove  whether  there  are 
two  conglomerates  here  or  not. 

In  the  IS.  E.  i,  B.  W.  \  sec.  27,  64-S  the  rock  is  very  fine  and 
even-grained,  and  so  siliceous  as  to  be  flinty,  502.  Glaciation  is 
K.  34°  K     No  regular  bedding  or  schistosity  is  seen  here. 

In  the  north  end  of  the  bay  in  the  8.  "W.  t,  N.  W.  i  sec.  27, 
64-S  ttie  siliceous  rock  becomes  porphyiitic  witii  small  imperfect 
white  and  yellow  feldspar  crystals.  It  is  indistinctly  conglomer- 
itic in  places  and  is  coarsely  schistose,  603.  Large  masses  of 
hydro-mica  schist  are  seen  here  and  indicate  beds  of  this  rock 
in  the  vicinity. 

West  of  here  the  rock  becomes  a  porphyritic  conglomerate 
and  in  places  over  quite  a  wide  extent  is  micaoeoos  porphyrttlo 
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conglomerate.  Many  of  tlie  inolnded  boalders  are  more  por- 
phyritic  thao  the  magma.  The  strike  is  N.  10°  W.  All  of  this 
rook  is  more  or  less  faorablendic.  Aroand  the  lake  shores  the 
rock  is  peculiarly  pitted  and  fall  of  boles  where  some  of  the 
softer  boalders  hare  been  vashed  cat.  ITo  pieces  of  red  jasper 
vere  noticed  in  this  conglomerate,  sach  as  are  seen  in  the 
Ogishke  Mnncie  ooi^lomerate.  Wherever  the  rock  is  decidedly 
micaceous  it  is  intersected  and  penetrated  by  red  granite  or 
syenite  intrusions.  This  is  especially  the  case  on  the  lai^e  island 
in  the  S.  E.  t  sec.  32,  64-8. 

BOUND  Li£E. 

This  body  of  water  lies  west  and  soathwest  from  Disappoint- 
ment lake,  the  vateia  from  which  flow  throogh  Bound  lake  before 
reaching  Snowbank  lake.  It  is  30  feet  lower  than  Disappoint- 
ment lake,  and  is  reached  from  it  by  a  portage  of  640  paces. 
Hica  schist  is  seen  on  the  traiL  It  is  more  feldspathio  and  com- 
pact or  gaeissic  than  that  farther  northeast.  In  the  N.  E.  k  sec 
6,  63-8  the  mica  schist  changes  to  gneiss  or  syenite  gneiss.  There 
is  bnt  a  small  qaantity  of  this  rook  here,  however,  most  of  it 
being  a  nUxtore  of  mica  and  hornblende  gneiss  and  mica  schist. 
The  beds  have  been  considerably  ommpled  so  that  no  general 
strike  is  observable.  A  sample  of  mica  schist  from  the  S.  B.  \  of 
'S.  E.  \  sec.  6,  63-8  is  nnmbered  482.  Syenite  gneiss  from  the  TS. 
W.  i,  K.  E.  i  sea  6,  63-S  is  483. 

The  west  side  of  Boond  lake  has  syenite  aroifDd  the  shores. 
This  becomes  dark  and  siliceons  and  changed  into  a  pecoliar 
rock  that  seems  to  have  been  affected  by  the  proximity  of  some 
igneous  rock  or  other  metamorphosing  agent.    484. 

In  the  K.  W.  i,  N.  E.  1  sec  7, 63-8  the  syenite  lies  nnder  ahill 
of  gabbro  which  has  a  bold  face  on  the  north  side  nearly  or  quite 
100  feet  high.  This  syenite  is  sometimes  micaceous  enough  to 
be  called  homblendic  gneiss.  It  has  been  somewhat  broken  np 
here  and  the  contact  between  it  and  the  gabbro  is  not  visible. 
The  latter  rook  is  somewhat  finer  near  the  contact  with  the  syen- 
ite than  at  the  top  of  the  hill.  Syenite  is  represented  by  486: 
the  gabbro  by  486. 

In  the  S.  E.  i  sec  6,  63-8  the  rock  is  mica  schist  hardened  by 
the  vicinity  or  contact  of  the  gabbro.  The  gabbro  ridge  mns 
south  of  the  lake  and  really  does  not  appear  at  any  point  on  the 
lake  shore.     Samples  of  mica  schist  from  the  above-mentioned 
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locality  are  487.  Some  of  it  is  flinty  and  has  very  little  if  any 
mica  in  it. 

To  the  northeast  of  the  last  is  a  knoll  of  fine  red  qnartzyte  or 
syenite.  It  is  probably  part  of  a  large  intrnsion  in  the  mica 
schist.  488. 

The  mica  schist  in  the  soatheast  part  of  section  six  is  mach 
twisted  and  varies  greatly  in  its  strike  and  in  the  composition 
and  texture  of  its  strata.  Some  are  hard  and  siliceons  and  oth- 
ers are  soft  and  iron-stained.  It  is  ont  by  nameroos  veins  or 
introBions  of  granite  and  is  slightly  oonglomeritie  in  places. 

TOWNSHIP  63-9. 

On  the  portage  trail  from  Snowbank  lake  to  the  EawiBhiwi 
river  gneiss  and  mica  schist  are  seen  in  a  few  ontorops  within 
three-quarters  of  a  mile  from  Saowbank.  About  a  mile  from  the 
lake  the  trail  passes  within  ten  feet  of  a  blnff  of  gabbro  which  fooes 
east.  This  is  in  the  8.  W.  I  of  9.  W.  i  sec  11,  63-9.  The  rock 
is  the  regnlar  coarse  labradorite  gabbro.  Aboat  200  paces  south 
of  this  gabbro,  on  the  section  line  between  ten  and  eleven  is  found 
a  ridge  of  biotite,  olivine  schist.  This  has  the  nsnal  strike, 
N.  60°  B.  and  dips  S.  75°.  It  is  conglomeritic  in  many  places 
and  bears  a  striking  resemblance  to  the  conglomeritic  mica  schist 
found  at  the  southeast  corner  of  Disappointment  lake.  604. 

A  ridge  of  gabbro  is  again  crossed  450  paces  soath  of  the  IS. 
W.  comer  sec  14,  63-9.  This  is  a  high  ridge  with  a  steep  bluff 
of  the  coarse  light-colored  gabbro  on  the  north  side.  Three 
hnndred  paces  forther  soath  the  rock  is  all  "  mnsoovado  "  in  a 
great  ridge.  No  stmctore  or  bedding  of  any  kind  Is  visible  in 
it.  It  is  simply  in  large  hills  and  ridges,  and  is  fine-grained  and 
homogeneons  in  texture. 

A  short  distance  north  of  the  "quarter-post"  between  sec- 
tions 14  and  15  this  ridge  of  mnscovado  is  bounded  on  the  soath 
by  a  swamp.  Along  the  south  side  of  the  ridge,  next  to  the 
swamp,  is  a  considerable  deposit  of  mc^netite.  It  is  the  r^n- 
lar  coarse,  dall-lustred,  gabbro  magnetite.  The  rock  can  not  be 
distinguished  from  the  gabbro  nor  i^m  the  mnsoovado  eith^. 
S'amber  505  is  the  moscovado.     505  A  Is  the  magnetite. 

The  Eawishivi  is  about  12  feet  above  Snowbank  lake  where 
the  port^e  firom  the  lake  strikes  it.  The  trail  passes  across  and 
by  the  side  of  gabbro  ridges  for  half  a  mile  before  reaching  the 
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Goiog  north  on  the  Test  Uoe  of  Bee  16  the  gabbro  disappears 
a  short  distance  north  of  the  river.  The  rook  next  north  of  the 
gabbro  is  the  mnsoovado-like  mioa  sohist  with  the  nsnal  strike 
and  Tertioal  dip.  It  ia  conglomeritic  a  short  distance  forther 
north  and  is  homblendic  like  that  on  Disappointment  lake.  It 
loses  its  similarity  to  moscovado  and  becomes  regular  mica 
schist,  thongh  more  or  less  gneissic  and  conglomeritic,  about  the 
west  "qnarter-post"  of  sec.  16.    Sample  is  506. 

At  310  paoes  north  of  the  ' '  qnarter-post ' '  mentioned  above,  a 
sramp  intervening,  a  ridge  of  diabase  is  eneonutered.  This 
rans  along  the  north  side  of  the  swamp  in  a  K.  £.~S.  W.  course. 
It  is  probably  part  of  the  same  diabase  eruption  as  that  east  of 
I>iBappointment  lake,  507,  Many  fragments  of  porphyritic  con- 
glomerate are  seen  lying  about  on  the  snrfitce  at  this  place. 

This  ridge  keeps  on  rising  with  a  gentle  slope  until  its  summit 
is  reached  at  the  N.  W.  oorner  of  section  16.  From  here  the 
descent  is  gradual  toward  the  north,  bnt  not  so  gradnal  as  on  the 
south  side.  The  diabase  is  massive  for  some  distance  from 
the  place  where  it  was  first  seen.  Then  it  begins  to  show  a 
coarse  schistosity  and  has  a  coarse  i^glomeritic  appearance  as  in 
the  rock  at  Ely,  the  boulders  being  all  of  greenstone  and  indis- 
tinctly ootlined  on  the  enrlace.  The  rock  ia  strikingly  similar 
to  the  Ely  rock  as  for  as  the  agglomeritic  appearance  goes;  bnt 
is  not  soft  and  chloritic  like  that,  nor  does  it  appear  to  be  cal-  ' 
dferons.     It  is  simply  regnlar  diabase,  508. 

At  375  paces  north  of  the  southwest  comer  of  section  nine  the 
diabase  has  changed  from  a  massive  rock  to  a  fine,  schistose, 
diabase  a^lomerate.  The  direction  of  the  very  evident  schis- 
tosity as  well  as  of  the  lenticular  pebbles  of  greenstone  in  it,  is 
E.  16"  S.  This  is  on  the  northern  slope  of  the  great  diabase 
ridge,"  and  the  rock  has  been  examined  at  many  places  so  there 
ia  no  doubt  as  to  its  being  part  of  the  same  diabase.  The  coarse 
a^lomerate  has  become  a  fine  schistose  pudding-stone  and  is 
rapidly  changing  into  green  chloritic  schist  toward  the  north. 
SEunpIes  of  diabase  conglomerate  are  No.  609. 

This  fine  greenstone  agglomerate  continues  to  be  exposed  for 
some  di^^ance  toward  the  north.  The  direction  of  the  schistosity 
swings  aroond  to  JT.  W.  and  S.  B.  which  is  the  general  direc- 
tion of  it  in  seddons  8  and  9. 

Some  distance  south  of  the  east  "quarter  post"  of  sec.  8  a 
ridge  of  porphyritic  rook  which  contains  grains  of  vitreous 
quartz  is  encountered.     It  is  a  light  colored  rock  and  when  firat 
VoL  m— ifl. 
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seen  it  appears  perfectly  masBire.  It  has  an  abrupt  contact 
with  the  diabase  vtLich  is  also  more  massire  at  this  place.  The 
porphyry  appears  to  ran  in  IS.  W.-S.  E.  ridges.  Korth  of  here 
it  is  seen  to  be  mixed  np  in  every  way  possible  with  the  diabase 
and  finally,  in  the  N.  E.  i,  N.  W.  k  sec.  8,  becomes  the  prevail- 
ing country  rock. 

Toward  the  north  still  forther  this  porphyry  becomes  coarsely 
schistose  and  acgnires  more  of  the  green  nnorystalline  element«. 
It  also  Idses  its  decidedly  porphyribic  aspect  aa  the  distance  from 
the  diabase  ridge  increases.  It  is  slightly  conglomeritic;  in  one 
place  red  jasper  was  seen  in  it  and  in  another  a  pebble  of  green- 
stone. Kos.  610,  510  A  and  610  B  show  these  varions  conditions 
of  the  porphyritic  rock. 

The  diabase  coutinaes  to  abonnd  and  ridges  of  porphyry,  or 
porphyrel  and  greenstone  are  strangely  mixed  ap  together.  In 
the  X.  K  1  sec.  S  are  seen  large  ridges  of  Jaspilyte,  consisting  of 
red  and  black  jasper,  hematite  and  magnetite  in  crnmpled  ver- 
tical beds  running  aboot  N.  60°  E.  After  a  long  and  exteouve 
examination  the  state  of  af^rs  seemed  to  be  as  follows:  There 
is  a  large  amount  of  this  jaspilyte  here.  Some  of  these  lenticn- 
lar  masses  of  jasper  and  iron  ore  were  traced  continuoosly  for 
half  a  mile  or  even  more.  These  masses  lie  in  the  diabase  and 
have  an  abmpt  contact  with  it.  Many  pieces  and  masses  of  jas- 
plljrteof  all  sizes  from  that  of  a  pea  to  the  large  ridges  spoken*  of 
above  are  seen  to  be  enclosed  in  massive  or  only  slightly  schistose 
diabase,  not  in  any  general  line  of  strike,  but  at  intervals  sep- 
arated from  each  other  across  the  strike  by  various  distances 
less  than  a  mile. 

Sometimes  the  diabase  is  quite  coarse  and  appears  more  like 
dioryte  with  white  feldspar  crystals  on  the  snr£Ew^e. 

In  some  places  the  porphyry  approadies  quite  near  to  these 
jaspilyte  maasee;  but  that  is  not  to  be  wondered  at,  inasmuch  as 
the  ridges  of  porphyry  run  all  throngb  the  diabase  without  any 
definite  order  or  direction.  This  jaspilyte  is  more  hematitic 
toward  the  north  and  west  where  it  is  identical  in  appearance 
with  that  at  Towfir.  Places  were  seen  where  the  diabase  is  qnite 
schistose  eO,  the  contact  with  the  jaspilyte  and  even  as  soft  and 
greasy  feeling  as  the  soft  schists  iu  some  of  the  Tower  mines. 
The  beds  of  jaspilyte  are  nearly  as  mach  distorted  as  at  Tower. 
This  diabase  is  seen  on  both  sides  of  the  iron  ore  and  cutting 
across  the  beds.  It  also  seems  to  contain  fragments  of  the  por- 
phyry and  becomes  porphyritic  itself  in  the  vicinity  of  the 
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porphyry  ridgee.  Speoimens  of  the  diabase,  which  iB  foood 
enoloeing  the  lai^e  and  small  maasefi  of  jaspilyte  in  the  TS.-  E.  i 
8ec  8,  are  511.  Contact  Bpeclmens  with  the  jasper  are  611  A. 
Samplefi  of  diabase  containing  small  masses  of  jaspilyte  are 
511  B.  Porphyritic  diabase  containing  a  piece  of  porphyry  is 
fill  C.  Samples  of  the  soft  serioitic  or  talcoee  rook  are  612. 
This  rock  being  so  soft  is  always  fonnd  in  low  places  and  coald 
not  be  seen  to  be  certainly  part  of  the  diabase.  Somdiines  the 
rock  next  to  the  jaspilyte  is  not  green  and  doee  not  look  like 
diabase  bat  is  gray  and  somewhat  Hchistose,  513.  Samples  of 
the  jaspilyte  are  seen  in  614. 

The  porphyry  becomes  more  and  more  prevalent  toward  the 
N.  Eb  "forty,"  sec.  8  antil  there  is  no  more  diabase  nor  jaspilyte. 
There  is,  however,  a  dyke  of  green  trap  that  mns  ander  Hugh 
Copeland's  cabin  in  the  N.  W.  i,  N.  E.  i  sec  8.  It  is  about  30 
inches  wide  and  can  be  traced  for  200  paces  or  more  ronning 
aboat  north  and  sonth  through  the  porphyry.  It  is  not  per- 
fectly straight  but  corves  some  and  is  fonlted  in  two  or  three 
places.  The  conrse  of  it  is  also  intermpted  at  one  place  north 
of  the  cabin  by  strings  and  braQphes  from  the  porphyry  mass 
which  make  it  appear  as  if  they  both  were  plastic  aboat  the 
same  time.  Sample  of  the  porphyry  is  516.  The  dyke  rock  is 
616. 

The  above  observationfi  are  considered  to  be  of  importance  as 
they  seem  to  prove  beyond  doubt  that  the  ja^iiyte  beda  are 
endowed  in  basic  rock  of  iffneoua  oriffin. 

This  r^ou  and  these  beda  of  iron  ore  contain  some  of  the  most 
promising  deposits  Been  during  the  past  season.  There  ia  good 
reason  for  believing  that  there  are  valuable  and  extensive  beds 
of  iron  ore  in  the  northern  part  of  this  township. 

The  ridges  of  dial»se  and  porphyry  alternate  southeast  of 
Oopeland's  cabin.  A  sample  of  rook  composed  of  a  teaaoioos 
green  mineral  is  617. 

In  some  places  the  diabase  is  agglomeritic  in  close  proximity 
to  the  enclosed  masses  of  jaspilyte,  the  diabase  all  aroand  sach 
a  mass  containing  the  forms  and  outlines  of  greenstone  pebblea. 
I^re  is  also  conglomerate  closely  interbedded  with  this  diabase 
agglomerate  and  apparently  of  a  later  date.  It  has  for  a  magma 
the  earlier  fine  agglomerate  (f  J.  These  two  sometimes  come  into 
direct  contact,  standing  side  by  side.  So.  520.  This  later 
conglomerate  contains  almost  ezclasively  fragments  of  the  por- 
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phyry  and  of  the  jaapilyte.  It  is  never  very  thick  aad  generally 
liee  between  the  greenstone  and  the  porphyry. 

There  are  occasional  tendencies  toward  a  micaoeons  natare  in 
the  porphyry,  and  a  thin  stratum  of  schist  bedded  by  sedimen- 
tation is  seen  here  and  there,  618. 

Some  of  the  fragments  of  jaspilybe  seen  «nclosed  in  the  green- 
stone are  perfectly  white  jasper  or  qnartzyte  which  cmmblee  into 
fine  grains  upon  hammering,  519.  This  i^ao  is  like  the  same  fine 
granalar  qnartz  beds  in  the  jaspilyte  north  of  Toww. 

In  only  one  place  was  the  iron  ore  and  jasper  seen  in  contact 
with  the  porphyry.  At  this  place  a  bed  of  jasper  three  inches 
thick  has  porphyry  on  one  side  and  diabase  on  the  other.  They . 
come  Tery  close  together  in  many  places,  bat  in  all  other  cases 
observed  there  was  a  thin  wall  or  flow  of  diabase  between  them. 

A  vertical  blufl*  of  greenstone  20  feet  high  was  seen  in  one 
place  with  a  thin  ooating  of  the  light  colored  porphyry  plastered 
over  the  entire  face  of  the  blnff.  A  contact  specimen  from  here 
is  521. 

In  one  place  the  coarser  diabase  which  when  weathered  shows 
small  white  feldspar  crystals  on  the  sarfooe,  was  cnt  by  a  small 
trap  dyke.  The  coarser,  older  diabase  is  522.  The  dyke  rock 
is  522  A. 

Going  north  on  the  line  between  sections  nine  and  ten  the  fii«t 
rock  is  seen  quite  near  the  river.  This  is  fine-grained  mica 
schist  which  may  contain  olivine,  523.  This  rock  is  oonglomer- 
itic  in  places  and  particalarly  in  a  small  ridge  not  far  north  of 
the  river.  The  small  enclosed  pebbles  are  compressed  with 
their  longer  axes  pointing  N.  W.  -  S.  E.,  523  A  There  is  next 
a  ridge  of  diabasio  mica  schist,  623  B. 

Some  of  the  beds  of  mica  schist  are  siliceoos  and  felsitic  and 
are  iron-stained,  524.  At  300  paces  north  of  the  S.  W.  corner 
sec.  10,  there  is  qnite  a  ridge  of  mica  schist.  It  strikes  ST.  W. 
and  dips  8.  W.  70°.  Samples  showing  lines  and  bands  of  sedi- 
mentation are  625.  At  400  paces  there  is  a  contact  between  the 
beds  of  mica  schist  and  diabase  which  latter  has  been  more  or 
less  affected  by  the  proximity  of  the  schist  and  has  a  less  mas- 
sive appearance  than  osnal.  The  mica  schist  too  has  been  sonw- 
wbat  altered;  bnt  the  change  is  abrnpt  and  distinct  between  the 
mica  schist  on  the  S.  W.  and  the  greenstone  on  the  If.  E. 

In  this  place  therefore  the  mica  schist  has  an  abrnpt  contact 
with  the  greenstone  and  does  not  grade  into  it  as  it  appeared  to 
on  the  east  Bide  of  Disappointment  lake.    The  schist  here  seems 
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to  have  been  affected  by  ths  greeostone  eruption:  its  strike  and 
achistoaity  have  been  bent  aronnd  nearly  90°  from  the  nsnal 
direction.  The  mica  schist  has  been  hardened  and  rendered 
more  like  the  diabase  so  that  npon  a  casual  inspection  the  two 
might  seem  to  run  together.  Mica  schist  from  the  contact  is 
526.  The  diabase  is  527.  A  specimen  of  pecaUar,  dark  mica 
schist  which  has  gray  ^ures  and  Inmps  like  drops  of  mud  all 
over  the  surface  is  526  A. 

This  was  not  the  main  ridge  of  diabase  bat  only  a  snbordinate 
branch  or  large  dyke  of  it.  The  mica  schist  and  greenstone 
seem  to  have  bad  quite  a  struggle  for  supremacy  in  this  region; 
firet  one  prevailing  and  then  the  other.  The  general  strike  is  N. 
W.  and  the  dip  varies  from  8.  W.  45'  to  vertical.  There  is  a 
ridge  of  coarser  diabase  in  the  N.  W.  i,  S.  W.  i  sec.  10.  It  is 
qnite  near  a  contact  with  mica  schist.    528. 

In  many  places  the  mica  schist  is  full  of  light  gray  grains  of 
soft  material  which  weather  oat  and  leave  the  surface  of  the  rock 
pitted  with  small  holea  This  schist  is  darker  and  leas  mica- 
ceoos  than  some  of  the  rest,  but  it  always  conforms  with  the  gen- 
eral strike  and  seems  to  be  a  part  of  the  general  mica  schist 
formation.    529. 

The  mica  schist  contains  thin  beds  of  green  diabasic  rock  which 
ran  with  the  other  beds  and  are  also  schistose.  These  beds  are 
decidedly  basic  and  only  a  few  inches  thick,  bat  are  quite  per- 
sistent and  maintain  their  general  appearance  and  width  as  &r 
as  they  can  be  followed.    590. 

Ooing  forther  north  the  mica  schist  becomes  harder  and  more 
feldspathic  and  appears  to  be  incipient  jMrphyry,  showing  how 
the  extensive  porphyry  belt  north  of  here  may  be  altered  mica 
schist.    531. 

Some  specimens  of  agglomeritio  diabase  in  which  the  pebbles 
seem  to  have  been  pasted  together  in  a  very  plastic  state  are  532. 
The  mica  schist  and  incipient  porphyry  have  also  a  conglomer- 
itic  straoture  though  it  is  rather  indistinct. 

A  little  jaspilyte  is  found  enclosed  in  the  greenstone  in  the  TH. 
W.  i,  !N.  W.  i  sec  10.  The  diabase  is  aofter  and  chloritic  and 
poasesBee  &e  coarse  agglomeritic  or  concretionary  (T)  structure 
seen  in  it  so  often."*^ 

The  observations  made  in  going  north  on  this  section  line  sim- 
ply confirm  those  made  on  the  line  a  mile  west,  and  demonstrate 
that  the  coarse,  chloritic,  schistose  agglomerate  is  part  of  this 

■RcportofH.  V.  WlDshell.    Fin«anlh  uouil  rgport,  p.  404. 
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reat  diabase  eraj>tioo  and  that  thejasper  and  iron  ore  beds  are 
>nbained  in  it. 

A  ridge  of  mica  schist  ib  again  eaconatered  jnst  soatli  of  the 
uarter  post  between  sections  3  and  4.  Alarge  exposure  of  this 
lek  is  found  here.  It  is  qnite  hard  and  contains  a  little  of  the 
iabasic  rock  in  these  beds.     633.     Strilce  is  S.  16°  W. 

At  the  N.  E.  corner  sec.  4,  the  porphyry  is  met  with,  and  is  the 
ime  in  appearance  as  that  foand  in  the  17.  E.  i  sec.  8.  The  relation 
atween  the  porphyry  and  mica  schist  is  not  evident  here,  bnb 
ley  seem  to  have  a  more  or  less  abmpt  contact.  Samples  of 
[irphyry  are  534.  The  mica  schist  has  been  becoming  more 
Tgillaceous  and  less  micaceoos.    Here  there  is  a  large  ridge  of 

in  which  the  strata  are  greatly  cmmpled  and  the  principal 
rike  has  been  changed  to  S.  W  K  It  here  seems  that  the 
>rptayry  is  not  a  part  of  the  mica  schist  formation,  bat  that  it 
as  protruded  into  the  schist  beds  and  cansed  all  of  this  distarb- 
ice.     Ai^llitic  mica  schist  from  here  is  63d. 

Going  west  from  here  along  the  north  line  of  sec.  4  a  swamp 

crossed,  and  on  the  west  side  is  found  a  diabase  ridga  Juat 
est  of  the  north  quarter  post  of  sec.  4  is  more  porphyry  in  knolls 
id  ridges  which  penetrate  and  are  sarroanded  by  the  diabase, 
bey  always  have  an  abmpt  contact.  This  porphyry  is  con- 
omeritic,  containing  felsitic  and  siliceous  boalders  a  foot  in 
ameter.  Samples  from  the  8.  B.i,  X.  W.  i  sec.  4  are  536.  A 
uaaltic  structure  is  frequently  seen  in  the  porphyry. 

In  the  3.  W,  },  If  ■  W.  i  sec.  4,  on  the  ridge  which  lies  between 
ro  small  lakes  is  quite  an  exposure  of  red  jasper  and  hematite. 
Ills  is  seen  to  be  in  beds  of  various  thickness  up  to  fonr  or  five 
et,  which  do  not  have  a  common  strike.    Some  strata,  enclosed 

diabase,  strike  east  and  west;  while  other  beds  only  a  few 
ids  away  strike  B.  30°  S.  The  beds  all  stand  vertical  aud  are 
ry  little  crwnpled,  537. 

The  diabase  has  a  tendency  to  become  coarsely  schistose  where 
lies  in  contact  with  the  iron  and  jasper,  but  farther  away  it  is 
sry  hard,  tongh  and  massive.  It  has  also  a  coarse  a^lomeritic 
ructure,  very  indistinct  at  this  precise  spot,  bat  quite  notice- 
)le  a  short  distance  east  of  here,  and  is  chloritic  Nos.  638- 
S  C  represent  these  rocks.* 

*  Aa  analrsis  of  this  green  rock,  538  B,  made  by  Mr.  C.  F.  Sidener  shows,  as 
IS  expected,  that  it  is  basic    The  fnll  record  is  as  tbllows.' 

ica,  SiO, 60.47  per  caut 

nmlna,  AtiO, 16.45  percent. 
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There  is  also  some  black  jasper  and  magaetite  at  this  place 
encloBed  in  the  greenstone  in  the  same  manoer.  The  beds  are 
thicker  and  seem  to  contain  pnrer  ore  than  the  hematite  beds. 
Ko.  5S9. 

Between  the  N.  W.  ooroer  sec.  4  and  the  eastquarter  post  sea 
8  a  decided  change  takes  place.  The  diabase  around  the  sootti 
side  and  west  end  of  the  small  lake  on  the  north  line  of  sec.  1 
assnmea  a  schistose  stmctmre  which  becomes  finer  and  more  onl- 
versal  toward  the  southwest.  At  first  it  is  a  fine  agglomeritie 
diabase  schist;  then  it  becomes  more  and  more  siliceons  antil  it 
is  flinty  and  actually  resembles  the  Knife  lake  rock.  Ftom  this 
place,  where  the  rock  was  found  to  be  very  siliceous,  a  set  of 
specimens  was  procured  from  every  outcrop  south  as  &r  as  the 
£.  quarter  post  sec.  8.  This  siliceous  schist  stands  in  vertical 
beds  which  strike  N.  W.-S.  E.,  and  sometimes  swing  around  to 
S.S.  The  rock  becomes  more  and  more  flinty  until  at  the  N.  E. 
oumer  sec  6  we  have  the  regular  sUiceous  s<^st  of  Knife  lake. 
From  here  south  to  the  K  quarter  post  sea  8,  this  siliceous  schist 
is  seen  to  grade  into  the  porphyry  which  was  fbund  there  before. 
In  one  or  two  places  the  siliceons  schist  seemed  to  be  going  back 
to  diabase;  and  ridgee  of  diabasic  schist  and  agglomerate  were 
crossed  on  this  line;  but  they  seem  to  be  part  of  the  intruded 
diabase  which  comes  into  contact  with  this  porphyry  &rther 
south.  ThoB  we  have  dlabasic  schist  and  even  massive  diabase 
becoming  siliceous  and  even  flinty  and  then  porphyritio,  and 
finally  coming  into  contact  again  with  another  part  of  itself  &r- 
thersoath.    "Sob.  540-540  J  show  this  transition. 

Going  east  from  the  N.  E.  corner  sec.  8,  mica  schist  is  met  with 
at  less  Oian  a  quarter  of  a  mile.  It  has  an  abrnpt  contact  with 
porphyry.     541. 

The  mica  schist  seen  in  this  township  is  fine-grained,  ^most 
always  argillaceous,  poor  in  mica,  which  is  always  in  very  small 
glistening  scales,  and  generally  hornblendio. 

SeBqniozide  of  iioD,  Fe,0, - 3.13  per  cent 

Protoxide  of  inm,  FeO. 7.74  per  cent. 

Lima,  CaO , 6.61  per  c«nt. 

HagnMia,  MgO 6.B0  per  cent 

PotaasA,  K,0. 30  per  cent. 

BodaNftaO -  3.58  per  cent. 

Pboapboiic  arid,P,0 traces. 

Water,  H,0 2.34  per  cent 

97.62  per  cent. 
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The  mica  schiBt  formation  becomes  horableodic  and  massive 
in  tbe  S.  W.  i,  'S.  E.  i  sec.  9.  Fine  dark  syenite  from  same  place 
iB  512. 

On  tbe  Dortli  side  of  the  Kawishiwi  rlTer,  on  the  line  between 
sections  1!)  and  20  the  mica  schiBt  is  only  two  rods  wide.  On  the 
north  side  of  it  is  the  coarse  diabase  agglomerate. 

PBAIBIE  BIVBB  PALIB. 

A  visit  was  made  at  the  end  of  the  season  to  Foke^ma  falls 
and  the  region  of  Prairie  Biver  &lls  for  the  sake  of  comparison 
with  and  verification  of  notes  made  previously. 

TSo  new  f^icts  were  noticed,  the  report  of  last  year  containing 
all  of  the  points  which  were  noted  this  season. 

Some  work  is  being  done  east  of  the  lower  foils  by  Minne- 
apolis parties  who  are  searching  for  iron  ore;  although  no  large 
body  of  ore  has  yet  been  encountered,  the  prospect  is  encoarag- 
ing. 

Specimens  of  magnetic  ore  were  seen  at  Grand  Bapids  which 
came  ii-om  the  property  of  Mr.  Kearny  situated  about  45  miles 
north  of  Grand  Bapids  in  Township  61-24.  It  seems  to  belong 
to  tbe  Keewatin  and  is  reported  to  exist  in  paying  quantities. 
The  locality  was  not  visited. 

Mr.  Cbas.  F.  Howe,  of  Dulnth,  has  explored  for  iron  ore  in 
Minnesota  for  several  seasons  and  is  very  well  posted  on  tbe 
geology  of  iron  ores.  He  reports  the  magnetitlc  quartzy  te  of  the 
Huronian  outcropping  in  Twp.  69-18.  It  has  the  usual  dip 
of  about  10°  to  tbe  S.  S.  E.  and  lies  near  the  syenite  which  is 
north  of  it. 

The  facts  and  observations  given  in  scattered  detail  in  the  fore- 
going notes  if  amplified  and  dicussed  at  length  with  all  of  the 
careful  consideration  which  they  merit  would  far  exceed  the 
limits  assigned  to  this  report.  But  a  brief  allusion  to  some 
points  which  seem  to  furnish  clues  to  the  solution  of  a  few  of  the 
unsettled  problems  in  tbe  geology  of  this  r^ion  may  be  made 
here  without  attempting  anything  like  a  full  discussion  or  even 
mention  of  all  the  theories  upon  which  the  facts  before  ua  have  a 


The  lowest  or  ofdest/ormoiion  to  which  these  notes  make  any  ref- 
erence is  probably  the  syenite  and  gneiss  ridge  constituting  the 
Oiant^s  range.  Observations  on  this  rock  were  made  at  various 
points  between  Hinsdale,  on  the  Dulnth  and  Iron  Bange  railroad, 
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and  Snowbank  lake:  at&o  at  a  few  localitiee  in  the  vicinity  on  what 
is  snpposed  to  be  the  northeastward  continuation  of  this  range. 
The  general  charactemtics  of  the  rock  of  this  ridge  are  quite 
persistent.  The  vertical  foliation,  the  nnosnally  lai^e  grains 
of  blnish  qnartz  which  it  contfuns  and  the  general  aspect  of  the 
ortboclase  serve  to  remind  an  observer  in  the  Gunflint  region  of 
the  same  features  in  the  rock  southwest  of  Birch  lake.  Mica, 
however,  frequently  replaces  hornblende  or  vice  versa;  andsome- 
times  both  are  present.  Near  the  surface  and  for  fifteen  or 
tweuty  feet  below,  this  rock  has  a  reddish  or  pink  color;  bat 
at  a  greater  depth  it  is  gray. 

A  coarse  conglomeritlc  stnictare  is  noted  in  the  syenite-gneiss 
of  this  range  at  Hinsdale.  Lenticniar  massee  of  dark  hornblen- 
dlo  rock  are  seen  at  all  depths  in  the  gray  rook  at  the  quarries. 
These  loasseB  are  generally  more  than  eight  inches  in  length,  and 
the  direction  of  their  longer  axes  is  vertical  or  nearly  so.  There 
is  sometimes  a  foliation  or  schistosity  in  these  inclusions,  and 
this  also  is  vertical. 

A  series  of  vertical  crystalline  schists  is  generally  found  next 
the  older  crystallines  in  other  parts  of  this  r^ion;  bnt  north 
and  south  of  the  Gianf  s  range  at  Hinsdale  are  found  exposures 
of  the  sericitio  or  cbloritic  schists  of  the  Keewatin  so  close  to 
the  syenite  as  to  make  it  seem  improbable  that  any  crystalline 
schists  intervene  between  them  here.  If  the  high  ridge  is  the 
middle  of  an  anticlinal,  as  seenis  to  be  indicated  by  the  presence  . 
of  the  vertical  Keewatin  schists  on  the  south  side  of  the  ridge, 
having  the  same  strike  as  those  on  the  north,  what  has  become 
of  the  crystalline  schists  which  lie  next  above  the  granites  and 
syenites  1  Were  they  so  highly  metamorphosed  and  affected  by 
pressors  to  such  an  extent  that  they  were  incorporated  into  the 
more  gneiasoid  rock  beneath  them,  or  were  they  not  a  wide- 
spread and  universal  deposit  1  Were  there  elevated  portions  of 
the  sea-bottom  which  were  not  covered  by  the  sediments  from 
which  have  resulted  the  crystaJUne  schists,  but  which  were  later 
eovered  by  the  sedimenta  of  the  Keewatin  aget  Considering 
this  ridge  to  be  the  back-bone  of  an  anticinal  the  latter  snppo- 
sition  seems  more  probable. 

If  this  be  not  an  anticlinal  bow  can  the  presence  of  snch  an 
extensive  range  of  crystalline  rock  in  the  midst  of  greenish, 
chloritic,  more  or  less  argillaceous  and  siliceous  schists  be 
accounted  forf  If  the  vertical  foliation  be  evidence  of  some 
former  bedding  structure,  the  only  way  to  explain  it  seems  to 
Vol.  m— 17. 
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be  on  the  sappoeition  that  a  portion  of  these  schiBts  themselvee 
were  metamorphoaed  by  some  annsaal  distarbance  aloDg  the  line 
of  thiB  range,  either  by  the  proximity  of  some  great  vent  belov 
or  intense  preesare  at  this  place  combined  with  chentical  and 
hydrotbermal  forces. 

The  next  formation  ia  that  already  mentioned,  the  crystalline 
Bcbist  or  Vermilion  series.  I  vish  to  call  attention  to  the  fact 
tiiat  in  Twp.  63-9  this  series  of  rocks  is  fonnd  to  be  conglomeritio 
over  a  wide  area,  and  has  been  rendered  hard  and  porphyritic 
by  some  adjacent  emption,  probably  that  great  diabase  ontbnrst 
of  the  Keewatid  age.  Boulders  of  a  large  variety  of  rocks  are 
seen  enclosed  in  the  mica  schist  around  Disappointment  laka 
This  foct  alone  serves  to  distinguish  it  from  the  diabasic  agglom- 
erates in  which  all  of  the  pebbles,  with  hardly  an  exception, 
are  of  greenstone  andjaspilyte.* 

In  connectionwith  the  crystalline  schists  "mnscovado"  should 
be  mentioned.  It  seems  probable  that  this  term  has  been  em- 
ployed in  the  15th  and  16th  reports  of  this  surrey,  to  designate 
the  rotted  granalar  condition  of  two  or  three  different  rocks. 
Dr.  Alexander  Winchell  has  applied  it  to  a  rock  which  he  iden- 
tifies with  the  Animike.  It  seems  to  have  been  used  also  to 
describe  fine  decayed  gabbro  as  well  as  an  altered  conditdon  of 
gneiss  and  the  mica  and  hornblende  schists. 

As  &r  as  my  observation  goes  it  has  been  found  gaite  easy  to 
recognize  decayed,  rusted  Animike  and  fine  rotted  gabbro  such 
as  is  frequently  fonnd  at  the  northern  edge  of  the  gabbro  over- 
flow. But  in  several  localities,  notably  on  the  south  shore  of 
Disappointment  lake,  there  are  fonnd  lai^  exposures  of  a  grana- 
lar, yellowish-brown  rock  which  does  not  possess  any  distinct 
signs  of  bedding  or  schistosity  and  which  yields  to  a  blow  of  a 
hammer  mnch  as  semi-hardened  pntty  would.  It  contains  fine 
scales  of  biotite  and  grains  of  feldspar  and  olivine.  It  lies  at  the 
north  edge  of  the  gabbro  in  rounded  knolls  which  resemble  gab- 
bro hills  at  a  little  distance,  and  when  its  direct  connection  with 
the  surrounding  rock  is  obscured  it  can  not  be  recognised  as 
belonging  to  any  of  the  usual  formations  of  the  region  nor  as 
being  anything  but  "  muscovado." 

On  the  south  shore  of  Disappointment  lake  there  is  a  great 
deal  of  this  rock.    To  the  south  of  it  are  masses  of  olivinitlc 

•Id  hbnponenUisLftksorihs  Woodi,  Gaol.  ofCu.  CC,  Hr.  A.C  L«irM>imji  that  Un 
■g^amantM  of  U>*(  nglon  grads  IntooiDgloiuerileii  ■loii(ttasitrlkeDf  tbebrnution.  lU* 
bu  DM  be«D  obMrrcd  to  b*  the  OM  In  UIddshU. 
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iron  ore  stasding  in  nearly  vertical  beds,  capped  with  fine, 
decayed  gabbro  and  having  coarse  labradorite  gabbro  on  bhe 
sonth  of  it.  Fortanately  the  lake  shore  affords  a  nearly  con- 
tinnons  exposare^  of  this  rock  in  both  directions  in  the  line  of 
strike.  It  was  here  traced  very  carefally,  on  two  different  occa- 
sions, and  wasfoand  to  pass  by  insensible  gradations  into  mica 
schist  which  became  more  and  more  micaceous  and  typical  as 
the  distance  from  the  gabbro  increased.  This  mica  Schist  is  the 
northeastern  extension  of  the  crystalline  schists  which  are  found 
north  of  the  Kawishiwi  river  in  townships  63-9  and  63-10,  and 
have  been  followed  eontinnonsly  from  there  to  this  lake.  The 
syenite  of  the  Gianfs  range  is  known  to  have  fbrmed  the  northern 
shore  of  the  Auimike  ocean.  This  range  is  low  and  narrow  at  this 
place  and  the  Anlmlke  evidently  was  deposited  on  top  of  the 
syenite  and  np  to  or  perhaps  npon  some  of  the  mica  schist 
which  lies  to  the  north  of  the  syenite.  Then  came  the  gab- 
bro eruption  and  overflow  and  with  it  a  crumpling  of  the 
strata  and  nptilting  of  the  Animike  beds.  The  gabbro  also  al- 
tered the  mica  schist  where  it  lay  npon  it,  to  mosoovado,  destroy- 
ing the  schistosity  and  bedding  and  even  altering  the  mineral 
constitaents  of  the  rock,  heating  them  so  that  they  formed  new 
combinations,  the  iron  and  nu^nesia  of  the  biotite  combining 
to  a  la^e  extent  with  the  free  qnartz  to  make  olivine,  though 
there  are  some  minate  scales  of  biotite  left  The  same  explana- 
tion of  muscovado  appears  to  answer  in  other  places  where  it 
was  seen.  It  seems,  therefore,  ttiat  the  term  "mosoovado"  is  . 
rather  an  ambigaons  one  bat  wonld  be  more  appropriately  ap- 
plied to  mica  schist  altered  by  gabbro  than  to  iron-bearing 
Animike  rock. 

Conformable  with  the  crystalline  schists  are  the  grauwackes, 
chloritic  schists,  diabasic  schists  and  siliceoos  schists  of  the 
Eeewatin  series.  The  foregoing  notes  give  nomerous  detailed 
foots  which  it  was  my  good  fortune  to  observe  in  localities  par- 
ticularly rich  in  instructive  geological  phenomena.  These  facts 
have  a  decided  bearing  on  the  natnre  and  origin  of  the  Keewatia 
group  and  the  iron  ores  and  associated  jaspilytes  which  are 
enclosed  in  it. 

In  townships  63-9  and  64-8  immense  ridges  of  diabase  and 
basic  agglomerates  were  found.  These  form  a  part  of  the  Eee- 
watin formation.  They  pass  conformably  into  the  siliceous  and 
alliaceous  schists  of  that  series,  and  become  themselves  soft, 
greenish  chloritic  schist  which  retains  but  slight  resemblance  to 
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the  masaive  ernptive  rock  into  vhich  they  grade  and  of  which 
they  are  a  part. 

In  the  American  (ieotogUA  for  January,  1889,  the  writer  gare  & 
short  reenm^  of  the  coDclnsions  which  had«been  reached  ae  to 
the  origin  of  these  basic  portiona  of  the  Keewatio.  The  obser- 
TatioDB  which  forced  him  to  (he  conclasions  there  stated  were 
made  bnt  a  short  time  before;  and  when  the  article  waa  written 
the  fact  that  Mr.  A.  G.  Lawaon  of  the  Canadian  e^logical  sur- 
vey bad  described  similar  rocks  in  the  Eeewatin  of  the  Lake  of 
the  Woods  and  had  termed  those  aggregations  in  which  the 
bonlders  are  of  the  same  material  as  the  magma,  "  agglome- 
rates" was  anknown  to  him.  Mr.  Lawaon  also  had  previously 
offered  an  explanation  similar  to  that  given  by  the  writer,  of 
the  sarprising  gradations  observed  between  eruptive  and  fhig- 
mental  rocks,  viz.,  an  alternation  of  "  volcanic  ^ectamenta  (both 
flows  and  toIGs)  and  aqueous  sedimentation." 

Dr.  G.  M.  Dawson  had  also  presented  the  same  views  and  says 
in  speaking  of  similar  rocks  In  the  vicinity  of  the  Lake  of  the 
Woods,  "  Volcanic  action  woald  appear  to  offer  the  most  reason- 
able explanation  of  their  origin  and  distribution."  * 

These  observations  appear  to  parallelize  our  green  chloritic  and 
diabasic  schists  and  agglomerates  very  closely  with  those  of  Mr. 
Lawaon's  original  Keewatin.  We  find  in  them  the  same  lentic- 
ular, basic  fragnients,  the  same  "  concretionaryf "  and  associated 
amygdaloidal  structures  and  the  same  transitions  into  ailiceous, 
fragmental  roQks. 

It  is  gratifying  to  know  that  the  viewa  of  these  experienced 
geologists  confirm  the  condnaiona  mentioned  above.  The  opin- 
ion primarily  held  by  the  geologists  of  the  Minnesota  survey, 
with  the  possible  exception  of  N.  H.  Winchell,-  and  which  view- 
is  still  maintained  by  Dr.  A.  Wincbell  in  the  16th  Aunoal 
report,  was  that  these  rocks  were  of  sedimentary  origin  and  that 
the  semi- crystalline,  diabasic  character  waa  the  result  of  intense 
met'amorphiam.  The  view  now  held  is  not  wholly  in  conflict 
with  that.  It  admits  that  portions  of  the  Keewatin  formation 
were  purely  sedimentary;  but  claims  that  the  larger  part  of  it 
consists  of  a  mixture  of  ernptive  and  sedlmentai-y  materials, 
and  is  in  many  places  extensively  and  wholly  igoeons. 

In  the  opinion  of  the  writer  this  has  conaiderable  bearing  on 
the  question  of  the  origin  of  the  jaspilytes  embraced  In  the 
green  schists  of  the£eewatiu.    They  are  supposed  to  be  of  some 
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sedimentary  formation  wMch  vbb  broken  Dp  and  involved  in 
the  erapdons  of  Keewatih  age.  The  masses  of  jaspilyte  are  an- 
golar  and  have  abrupt  contacts  with  the  basic  schists;  they  are 
highly  silioeoDB  and  are  of  all  sizes  and  shapes.  When  the 
masses  are  lai^  they  are  osnally  in  vertical  position  and  some- 
what elongated  in  the  direction  of  the  schistoee  stmctnre  in  the 
snrroDnding  rook.  Examples  of  a  preoiBely  similar  disrnption 
of  a  sedimentary  formation  and  its  involution  in  an  eraptive 
ejection  are  given  in  the  forgoing  pages  in  referring  to  thei 
ooasses  of  Horonian  qnartzyte  and  magnetite  enclosed  in  the 
gabbro.  In  several  places  cbalcedonic  Qoartz  similar  to  that  in 
the  jaspilyte  of  the  Keewatin,  was  found  as  part  of  the  Ani- 
mike.  This  fiu:t  is  an  indication  of  the  fragmental  nature  of 
the  jaspilyte;  as  they  cannot  be  separated  from  each  other, — if 
one  is  sedimentary  the  other  must  be  —  and  there  is  not  maoh 
doubt  that  tbat  in  the  Animike  is. 

The  most  reoent  fragmental  formation  fbund  in  northeastern 
Minnesota  is  the  Huronian.  Many  observations  were  made 
Dpon  a  qnartzyte  belonging  to  this  formation  which  seems  to  lie 
above  the  Animike  slates  and  is  the  rock  which  oontains  the 
non-titaniferous  magnetite.  This  qnartzyte  has  been  called 
Animike  qnartzyte:  bat  seems  to  lie  above  the  Auimiku  proper. 
It  is  perfectly  conformable  with  the  slates  and  sometimes  grades 
into  rock  which  is  feldspathio  and  argillaceous  rather  tbanjsili- 
oeous.  It  was  observed  to  lie  nnoonformably  a|>on  the  rock  of 
the  Oiant's  range  in  two  or  three  places.  The  most  interesting 
contact  observed  was  where  this  rock— the  semi-siliceous,  feld* 
spathic  Huronian — is  seen  to  lie  nnoonformably  upon  the  ver- 
tical Keewatin  beds.  This  was  announced  to  be  the  case  by  Dr. 
A.  Wincbell  in  the  16tli  report  but  no  actual  contacts  were  men- 
tioned. Considering  the  greenstone  upon  whi<^  Ae  Animike 
was  found  to  lie  west  of  Gnnflint  lake  as  Keewatin^- which  it  ■ 
nndonbtedly  is — three  or  more  fine  contiEicts  of  the  Animike 
upon  the  Keewatin  are  reported  in  these  notes.  The  signifi- 
cance of  this  &ct  has  been  pointed  out  before. 

A  peculiar  transition  was  found  south  of  the  Giant's  range, 
in  sec.  13,  60-13,  where  the  Animike  is  seen  to  grade  downward 
into  the  syenite.  The  character  of  this  transition,  however, 
does  not  seem  to  be  metamorphic,  but  rather  ftagmental.  There 
seems  to  have  been  a  certain  amount  of  the  loose,  crystalline 
material  which  had  resulted  firom  the  decay  and  erosion  of  the 
syenite  lying  on  top  of  the  solid  rock  in  the  bed  of  the  sea.   The 
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Animike  Bedimeots  were  deposited  aponand  around  thissyeoite 
stnff.  At  first  the  material  was  maialy  cryBtalliDei  tbe  sedi- 
meatfi  forming  but  a  very  small  part  of  the  whole  and  only  fill- 
ing the  cracks  and  tiarities.  A  few  feet  Tarther  np  the  materials 
were  aboat  evenly  divided,  the  fine  detritus  filliag  large  spaces 
between  the  elevated  portions  of  the  lai^r  pieces  of  syenite. 
Ab  the  sediments  increased  and  grew  deeper  the  crystalline 
material  was  completely  baried  and  do  traces  of  the  anderlying 
rock  were  left  except  here  and  there  a  small  fragment  of  syenite 
or  an  orthoclase  crystal  which  came  rolling  in  from  above  and 
settled  down  on  the  sediments.  Sometimes  these  crystals  are 
quite  perfect  and  look  strangely  out  of  place  in  a  rock  which  is 
so  plainly  sedimentary  and  so  little  altered. 

As  a  role  there  is  a  decided  difference  in  the  texture  and 
appearance  of  the  Animike  and  Keewatin  rooks;  the  former 
having  a  smaller  proportion  of  feldspathic  and  greenish,  basic 
material,  and  usually  containing  more  quartz  and  some  magne- 
tite. The  slates  too  of  the  Animike  are  darker  and  appear  to 
be  carbonaceous ;  while  the  slates  and  sdiista  of  the  Keewatin 
are  argillaceous  and  hydromioaceons.  These  differences  are  so 
general  that  a  person  who  has  spent  a  season  comparing  and 
ezaminii^  these  rocks  can  usually  tell  at  a  glance  to  which 
formation  a  specimen  belongs.  To  the  vicinity  of  the  east  end 
of  Gunflint  lake,  however,  the  Animike  has  a  marked  resem- 
blance to  the  Kaewatin  and  it  is  difficult  to  distinguish  them. 
They  both  have  somewhat  the  appearance  of  granwacke  and  are 
lees  schistose  and  slaty  than  nsaal.  They  are  of  a  dark  gray 
color,  have  a  rough  surfiwe  on  ftwh  fractnre  and  show  fewer 
bands  of  sedimentation  than  elsewhere.  The  Animike,  how- 
ever, contains  fine  grains  of  magnetite  disseminated  through  it 
with  a  tendency  toward  a  banded  arrangement,  and  the  Keewa- 
tin has  none. 

Although  the  Hnronian  qnartzyte  with  which  is  associated  the 
Don-titaniferons  magnetite  lies  unconformabl;  npon  the  syenite 
of  the  Giant's  range  it  is  believed  to  lie  above  the  Animike 
slates  and  to  rest  conformably  npon  them.  The  rock  which  was 
deposited  at  the  border  of  the  ocean  upon  the  syenite  seems  to 
have  been  more  siliceous  than  those  portions  of  the  same  strata 
which  were  ^i^er  from  the  shore.  Thns  the  rock  which  lies 
directly  upon  the  syenite  would  be  a  qnartzyte  and  wonld  pass 
into  the  less  acidic  rocks  forther  south.  Tbiscondition  of  things 
is  believed  to  have  been  observed  in  Twp.  60-13.    Still  there  is 
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probably  an  eztensiye  qnartzyte  which  is  later  than  the  Animi- 
ke  and  which  lies  directly  npon  the  syenite  because  the  land 
was  slowly  becoming  more  Babmerged  and  the  sediments  kept 
aCGumalating  and  extending  farther  and  fiirther  over  the  range 
of  took  which  ooustitnted  the  northern  limit  to  the  ocean  and 
the  strata  formed  in  its  depths.  The  dip  of  the  qnartzyte  cor- 
TQBpODds  with  that  of  the  slates  wherever  seen,  and  although  the 
latter  were  not  seen  at  any  place  underlying  the  former,  yet 
their  relative  positions  and  mntnal  relations  seem  to  indi(»te 
that  they  do  so. 

The  gabbro  has  been  so  fully  discossed  is  prerioos  reports  of 
this  sorvey  that  it  is  necessary  to  aay  bnt  a  few  words  concern- 
ing it.  The  foot  that  it  is  fonad  to  embrace  lai^  fragments  of 
the  Haronian  qnartzyte  and  slates  proves  it  to  be  of  later  origin. 
It  is  intersected  by  dykes  of  greenstone  which  are  of  still  more 
recent  date, — perhaps  of  the  Onpriferoos  age,  as  that  is  said  by 
the  State  Oeol<^iat  in-the  Tenth  annaal  report,  p.  112,  to  be  of 
more  recent  date  than  the  gabbro.  However,  the  appearance  of 
these  rooks  in  see.  35,  58-6  gave  me  the  impression  that  the  gab- 
bro is  on  top  of  the  Capri  ferous  and  hence  more  recent. 

A  coarse  basaltic  stmcture  was  seen  in  the  gabbro  on  thesonth 
side  of  Tacker  lake.  There  was  also  an  appearance  of  sediment- 
ary structure  in  the  gabbro  in  N.  W,  i  sec.  2,  64-3,  caused  by 
parallel  bands  of  magnetite  several  feet  in  length.  It  shows  how 
one  may  be  deo^ved  by  similar  banded  structure  in  other 


Coarse  hornblende,  believed  to  be  the  largest  ever  found  in  this 
state,  was  found  in  the  gabbro  in  the  S.  E.  i  sec.  25,  63-10. 
Crystals  six  inches  long  were  obtained.  Many  seen  in  the  same 
place  were  even  lai^r. 


UBT    OF    aPBOUEENB    OOLLEOTBD  BT  E.    T.   WmOHELL   DUSIKa 
THE  StTHUEB  OF  1668. 

351.  Hydrated  hematite.  John  Mallmann's  working.  Sec. 
20,  59-U. 

3M  A.  Gray,  feldspathic  rock,  to  which  is  attached  a  i>eb- 
ble(t)  of  hematlta    Same  locality. 

356.  Gray  rock  contaduing  m^netite.  ■  Short  distance  west  of 
last. 
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366  A.  Gray  rock  containing  limonite.  From  main  shaft  ab 
same  place. 

366.  Magnetitio  ohrysolyte.  400  paces  east  of  tlie  W.  ^  post 
sec  10,  60-12. 

367.  Syenite.    8.  W.  i  seo.  8,  60-12. 

358.  Olivinitio  magnetite.  Onefonrth  mile  south  of  N.  W. 
corner  sec.  17,  60-12. 

369.  Greenish,  magnetitio,  oliTinitio  qnaitzyte.  8.  W.  t,  S. 
W.  I  sec  17,  60-12. 

360.  Dark,  silioeoos  magnetite.    N.  E.  corner  sec.  19,  60-12. 

361.  Slaty,  carbonaceons  rook.     Same  locality. 

362.  Stratified  magnetite  and  qoartzyte  or  siliceons  schist. 
N.  W.  i,  N.  E.  i  sec  19,  60-12. 

363.  Magnetite.    N.  W.  t,  IT.  E.  i  sec  19,  60-12. 

364.  Qnartz  conglomerate  with  a  green  matrix.  From  bool- 
dere  seen  east  of  Iron  lake.    N.  W.  i  sec  24,  60-13. 

365.  Homblendic  Animike  state.  A  short  distance  north  of 
last  locality. 

366.  Samples  shoving  the  transition  f>om  Animike  to  the 
syeDite  of  the  Giant's  range.  Xorth  end  of  Iron  lake,  S.  W.  i 
sec  13,  60-13. 

367.  Greenish  Animike  rook  containing  a  felsitio  boulder. 
Same  locality. 

368.  Coarse,  mioaceons  syenite,  N.  E.  i  sec.  14,  60-13. 

369.  Black,  magnetitio  rock,  8.  W.  side  of  Iron  lake.  N.  E. 
i  sec.  23,  60-13. 

370.  Tongh,  dark  magnetidc  rock.    N.  W.  1  sec  35,  60-13. 

371.  Beddieb-gray  i^nartzyte.  Fonnd  in  fhtgments  on  the 
trail  in  N.  W.  t  sec  32,  60-13. 

372.  Samples  flrom  the  bottom  of  the  Animike  where  it  passes 
into  and  rests  apon  the  syenite  Sooth  of  the  trail.  8.  W.  i,  ^. 
W.  J  sec.  32,  60-13. 

373.  Black,  carbonaceoos  slate  rook  containing  magnetite. 
S.  W.  i,  8.  W.  J  sec  32,  60-13.     From  a  shaft. 

374.  Grayish  rock  containing  bands  of  magnetite.  A  little 
N.  W.  of  last 

374  A.    Beddiah,  jaspery  rock.    Same  looality. 

375.  Weathered  samples  of  magnetitio  rock.  S.  W.  i  sec 
31,  60-13. 

376.  Sample  of  reddish,  decomposed  jaspery  rock  from  top 
of  a  shaft  in  N.  R  }  sec  11,  69-14. 

376  A.    Hematitic  rock  from  bottom  of  tlie  same  shaft. 
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377.  Feldspathio  Keevatin  BchlstB.    K  W.  i  seo.  11,  69-14. 

378.  Feldspathio,  gray,  EeevatiD  schist,  3.  E.  "forty"  sec. 
U,  69-14. 

379.  Olivlnitic,  magnetitic  rook.    From  a  shaft  in  N.  W.  i 
sec  14,  69-14. 

380.  Dark,  slaty  rock  containing  needle-abaped  crystals  of 
hornblende  and  baods  of  black  jasper.     Sea  22,  59-14. 

381.  Grayish,  soft,  sericitio  schist,  B.  E.  i  seo.  17,  69-14. 

382.  Qray  syenite  of  the  Gianf  s  range,  Hinsdale. 

382  A.    Bed  syenite  containing  decayed  hornblende.    Found 
near  seams  or  fbnlts  in  tlie  syenite  at  Hinsdale. 

383.  Hornblende  schist  from  inclnded  bonlder-forms  in  title 
^eniCe,  Hinsdale. 

364.    Fine,  gray  granite,foandcottingthesyeaiteatHiDBdale. 
366.    Dark,  red,  decomposed  syenite.    Three  miles  north  of 
the  Gianf  s  nwge  on  the  railroad. 

386.  Gabbro.    See.  5,  58-14.    In  a  railroad  cat  three-foarths 
of  a  mile  north  of  Beaver  creek. 

387.  Dark,  silico-ai^riUaceons  rook  apparently  carbonaceoos. 
K.  E.  i,  S.  W.  1  see.  9,  58-U.     On  Partridge  rirer. 

388.  Beddish,  hematitio,  qnartzose  rook.    From  a  shaft  in 
K.  E.  i,  a.  E.}  sec.  11,  59-14. 

389.  Feldspathic  KeevatiD  schist     Near  the  centre  of  S. 
E.  )  sec  11,  69-14. 

389  A.    Qoartz  from  Teim  in  last.    Containing  talc 

390.  Dark,  carbonaoeons  (1)  rook  sapposed  to  be  Eeewatin. 
Same  locality. 

391.  Felsitic  silioeoos  schist.    N.  E.  i  sec  16,  69-14. 

392.  Magnetic,  olirinitic  iron  ore,  aboat  200  paces  southeast 
from  last  and  40  feet  higher. 

393.  Magnetic  iron  ore.     IS.  W.  i,  N.  W.  1  sec  14,  69-14. 

394.  Pinkish  qoartzyte.     Fonnd  in  angolar  ft-agments  on  the 
trail  in  Twp.  60-13. 

S95.    Blaokmagnetio  sand.  Birch  lake,  S.  W.  i,  S.  B.  i  sec  32, 

ei-12. 

396.    Fine,  mnsoorado-UIn  gabbro.    N.  E.  i  sec  26,  61-12. 
896  A.     Specimen  of  a  bonlder  (1)  enclosed  in  last. 
S97.    Animike  or  Hnronian  qoartzyte.    S.  E.  1,  N.  E.  1  sec 
S6,  61-12. 

397  A.     Hornblendic  qoartzyte.     Same  locality  as  last. 
397  B.    Qoartzyte  containing  ankno^rn  mineral.  Same  place. 
397  C.    Magnetitic  qnartzytc    Same  locality. 
Vol.  m— la 
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398.  Stratified  qoartzybe  and  magnetite.     S.  £.  i  sec.  26, 
61-12. 

399.  Ollvinitic  quarUyte.    E.  J,  N.  W.  i  see.  85,  61-12. 
399  A.    Coarse  qnartzyte  and  magaetite.    Bame  locality. 

400.  Syenite,  pink  aod  rather  coarse.    S.  E.  i,  K.  E.  i  sea 
35,  61-12. 

401.  Qnartzyte,  containing  mach  magnetite.    Same  locality. 

402.  Hornblendic,  ollvinitic  magnetite  rook.    N.  E.  i,  S.  W. 
i  sec  35,  61-12. 

403.  Coarse  qnartzyte  and  fine  chryaoiyte.     9.  W.  "forty," 
sec  36,  61-12. 

404.  Chryaoiyte.     8.  W.  1  see.  35,  61-12. 

405.  Olivine  bearing  magnetitio  quartzyte.   N.  },  S.  E.  I  sec. 
24,  61-12. 

406  A.   Hornblendic  samples  of  last. 
405  B.     "Slickensides."'     Same  locality. 

406.  Hard,  hornblendic  Anlmike  found  lying  npon  syenite. 
8.  E.  i,  IS.  E.  i  sec.  35,  61-12. 

407.  Magnetite  and  quartzyte  in  banded  alternation.    S.  E.  i 
see.  30,  62-10. 

408.  Granular  ollvinitic  rock.     Same  locality. 

409.  Finegrained  olivinitic  magnetite.    Same  locality. 

410.  Titaniferons  (T)  magnetite.     Same  locality. 

411.  Hornblendic  ollvinitic  qnartzyte.    Same  locality. 

412.  Coarse  gabbro.    S.  E.  i,  X.  E.  1,  sec.  36,63-10. 

412  A.    Coarse  hornblende  and  labradorite.    Same  locality. 

413.  Altered  Animike  from  fragments  enclosed  in  the  gab- 
bro.    Same  locality  as  412. 

414.  Ooaise  magnetite.     Same  place. 

415.  Very  coarse  hornblende.    From  the  gabbro.  S.  E.  i,  8. 
E.  i  sea  25,  63-10. 

416  and  416  A  to  416  E  represent  a  transition  from  seridtio 
schist  to  granite. 
417.    Micaceons  hornblendic  schist.    Same  locality. 
418.,    Biotitie  hornblendic  schist.    N.  W.  forty  sea  4,  63-12. 

419.  Calciferons  serieite  schist     K.  W  t  sea  4,  62-12. 

420.  Qabbro  from  lake  Isabelle.    K.  W.  t,  S.  E.  i  sea  86, 
62-8. 

420  A.     Gray,  fine  granular  rock  contained  in  last. 

421.  Pebbles  from  a  point  jost  east  of  last. 

422.  Dyke  rook.  8.  W.  t,  8.  B.  t  sea  30,  6^-8. 

423.  Fine,  brovn  gabbro  containing  biotlte.     East  of  liUce 
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ibabeUe  in  T.  62-7. 

424.  Gray  labradorite  rock.  Two  miles  np  Swamp-lake  river 
^m  lake  Isabella. 

424  A.    Gray  gabbro  with  a  etireak  of  red  in  it.    Same  place. 

421  B.    Bed  gabbro.    Same  locality  as  last  two. 

426  A^  (  Specimens  illostratiiig  a  clisngefrom  gabbro  to  dark, 
426  B.  f  toogh  hornblendic  rock. 
426  Cj 

426.  Hornblendic  gabbro.  East  of  the  north  end  of  lake 
Harriet. 

427.  Gabbra  From  a  small  island  near  the  Booth  end  of 
Ifiae  Mile  lake. 

428.  Gabbro.     From  west  side  of  Crooked  lake. 

429.  Trap  rook.     Sec,  15,  59-6.     West  of  the  narrows. 

430.  Fine  grained,  olivinitic  gabbro.  West  side  of  Xine 
Hile  lake. 

431.  Gabbro.     Sec  35,  58-6. 

432.  Bed,  impure  felsyte.    East  of  last  a  few  rods. 

433.  SilioeoQS  K«ewatin  schist.  About  40  rods  np  the  creek 
which  enters  the  east  end  of  Ganflint  lake  from  the  northeast. 

434.  Sericitdc  schist.    Farther  up  the  creek  on  east  side. 

435.  Beddlsh,  jaspery   Animike  rock.     Bed  of  same  creek. 

436.  Dark,  ferruginous  conglomerate.  Abont  one-fourth 
mile  up  the  creek. 

437.  Greenish,  serioitio  schist.     Bast  of  last  a  few  rods. 

438.  Animlke  from  near  a  contact  with  Keewatin.  Bed  of 
6ame  creek. 

439.  Keewatin  rock  from  same  place. 

440.  Magnetitic  gabbro.     K.  E.  i,  N.  W.  i  sec.  2,  64-3. 

441.  Dioritic  magnetitic  gabbro.     S.  W.  i,  N.  W.  i  soo.  2, 

64r-3. 

442.  Titaniferooa  magnetite.    S.  B.  i,  N.  W.  i  sec.  2,  64-3. 

443.  Black  carbonaceous  slate.     N.  W.  1  sec.  36,  66-3. 

444.  Greenstone.     Found  lying  on  top  of  443  (H). 

446.     Porphyry  or  porphyrel.     Loose  mass  at  same  plao% 

445  A.     Trap  found  stuck  fast  to  446. 

446.  Very  strongly  magnetic  iron  ore.  N.  W.  i,  IS.  W.  I  sec. 
23,66-4. 

447  and  447  A  to  447  B  illustrate  a  transition  from  Black 
Animike  slate  to  greenstone.    'S.  E.  i  sec.  26,  65-4. 

447  F.     Porpbyritic  trap  rook.     Same  locality. 
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447  G.     Dyke  rock.    Same  locality. 

448.  Brecdated  Animike  slate.    Some  locality. 

449.  Qoartz  conglomerate  not  seen  in  place.  From  sec.  28, 
65-4. 

460.  Maguedte.     N.  W.  i  sec.  28,  66-4. 

461.  Biotitio  altered  greenstone.    Same  locality. 

462.  Diamond  drill  cores.    Same  locality. 

462  A.  Pyritona  qaartzyte  from  bottom  of  Animike  at  same 
place. 

453.  Drillings  from  about  one-eighth  mile  sontb  of  the 
"camp"  in  sec  2S,  in  65-4. 

464.    Qoartzyte  and  magnetite.    K.  W.  i  sec.  35,  66-6. 

466.  Animike  from  next  to  a  contact  with  nnderlying  green- 
stone.   K.  W.  J  sec  35,  65-6. 

466  A.  Animike  rock  from  a  similar  contact  160  paces  west 
of  last. 

466  Aid  466  A  to  466  C  are  samples  of  the  greenstone  from 
.  the  eastern  contact  taken  in  order  receding  from  the  line  of 
contact. 

466  D  is  a  sample  of  greenstone  from  the  western  contact. 

457.  Conglomerate  greenstone.     250  paces  east  of  last. 

458.  Fine,  crystalline,  grayish-brown  rock  composed  of  plagi- 
oclase,  mica,  olirine  and  magnetite.  Xorth  of  last  in  a  high 
ridge. 

458.  A.     Coarse,  hornblendic  gabbro.     9.  line  sec.  12,  64r-6. 
469.    Gabbro.    Gabemichigama  lake.    N.  K  }  sec.  6,  64-5. 

460.  Modified  Animike.  Sooth  side  of  the  island  In  N.  W.  I 
sec.  6,  64-5. 

461.  Uagnetitic  gabbro.    S.  E.  }  sec.  1,  64^-6. 

462.  Decomposed  gray  qaartzyte.  Under  the  gabbro  at  same 
locality. 

463.  Conglomeritic  granwacke.  N.  W.  t  sec.  33,  66-6.  Sonth 
of  Otter  Track  lake. 

463  A.  Bock  resembling  magma  of  Ogishke  conglomerate. 
Samejocality. 

464.  464  A  and  464  B  illostrate  the  passage  of  granwacke  into 
flint. 

466.    Magnetitio  silioeons  schist.  N.W.  t.IT.  W.  i  sec  33, 66-6. 

466.  Magnetitic  jaspery  rodi.    On  hill  east  of  last. 

466  A.  Contact  specimen  between  466  and  silioeons  greenish 
Eeewatin  schist.    Same  locality. 

467.  Amygdaloidal  calciferons  rock  &om  bonlders  endoeed  in 
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green  cUoritic  schist    North  side  of  Otter  Track  lake.  N.  W.  i 
sec.  27,  66-6,  as  in  t/Htiii. 

467.  A.  From  similar  boolders  not  amygdaloidsl.  Same 
place. 

468.  Calciferons  breccia  fonnd  immediately  snrroanding  the 
boulder  forms. 

469.  Jaspilyte.     Short  distance  east  of  last. 

469.  A.    Magnetite.    Same  locality. 

470.  Green  schist  from  near  a  contact  with  469. 

470.  A.     Jasper  from  same  contact. 

471.  Feldspathio,  semi-crystalline  schist.  From  the  corner 
marked  "B  333"  and  "R  337"  about  half  a  mile  north  of  Otter 
Track  lake. 

472.  Coarsely  porphyritic  green  rock.  North  side  of  a  lake 
■which  lies  on  the  north  side  of  Otter  Track  lake. 

473  and  473  A.  Keewatin  rock  taming  into  red  and  black  jas- 
per.    North  of  Otter  Track  lake. 

473  B.     Magnetite  in  green  schist.     Same  locality. 

474.  Jasper  and  magnetite.     Same  locality. 

475.  Average  sample  of  the  non-sohtstose  Keewatin  from 
north  of  Otter  Track  lake. 

476.  Argillyte.     N.  W.  i,  S.  E.  i   sec.   2,  64-8.     Lake  Vira. 

477.  Fine  mica  schist  S.  W.  i,  S.  W.  i  sec.  32,  64-8. 
Between  Snowbank  and  Disappointment  lakes. 

478.  Bed,  fine  syenite.    Catting  last. 

479.  Mica  schist    S.  E.  i  Sec  32,  64-8. 

480.  Conglomeritic  mica  schist     Same  locality. 

480.  A.    Bed  granite  from  introBions  in  480. 

481.  Trap  rock  &om  a  dyke  catting  480. 

482.  Mica  schist     S.  E.  t,  N.  E.  i  sec  6,  63-8.     Bonnd  lake. 

483.  Syenite  gneiss.  N.  W.  i,  N.  E.  t  sec.  6,  6^-8.  Boand 
lake. 

484.  Dark  siliceous  syenite.    West  side  of  Boand  lake. 

485.  Micaceous  syenite.  N.  W.  t,  N.  E  1  sec  7,  63-8. 
Soand  lake. 

486.  Gnbbro.     Found  lying  on  485. 

487.  Hardened  mica  schist.     S.  E.  i  sec  6,  63-8. 

488.  Fine  red  syenite.    Intmsion  in  last 

489.  Finely  eonglomeritic  mica  schist  N.  E.  1  sec.  6,  63-8. 
Disappointment  lake. 

490.  490  A  and  490  B  represent  a  transition  ftom  mica  schist 
to  muscovado.    N.  K  i,  S.  W.  i  sec.  4,  63-8. 
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490  0.    Mottled  muscovado.    Same  locality. 

491.  Olivinitio  ma^etite  and  qnartzyte.    Same  place. 

492.  Fine  gabbro  foand  lying  npon  491. 

493.  Coarse  labradorite  gabbro.     South  of  last. 
493  A.    Titaoiferoos  (t)  magnetite.    Found  in  last. 

494.  Feldspathic,  mnsooTado-Uke  mica  schist.  N.  E.  i  sec 
4,63-8. 

496.    Fine,  mioaoeons  syenite.    S.  W.  k  aec  34,  64-8. 

496.  Conglomeritio  mica  schist.     K.  E.  i  sec.  33,  S4-8. 

497.  Diabaaic  conglomerate.  From  N.  W.  i  see.  34  and  S. 
W.  i  sec  27,  64-8. 

498.  Dlabasio  schist.    Same  locality. 

499.  Diabase.    Same  locality. 

600.  Gneissio  schist  from  lake  shore  having  a  foliation  from 
W.  W.  to  S.  E.,  N.  W.  i  sec  34,  64r-8. 

501.  Biotitio  trap.     S.  W.  1  sec  27,  64-S. 

502.  SUiceons  greenstone.     N.  B.  t,  S.  W,  t  sec  27,  64-8. 

503.  Porphyritic  mica  schist  oooglomerate.  S.  W.  i,  X.  W. 
i  aec  27,  64-8. 

504.  Conglomeritio  mica  schist     S.  W.  i  sec  11,  6^9. 

505.  Moacovado.  N'orth  of  quarter  post  between  sections  14 
and  15,  63-9. 

506  A.     Titaniferons  (f)  magnetite.     Same  locality. 

506.  Fine,  gray,  hornblendio  mica  schist.  S.  W.  i,  X.  W.  i 
sec.  16,  63-9.   . 

507.  Diabase,  340  paces  north  of  W.  qaarter  post  sec  16, 
63-9. 

508.  Diabase.    N.  W.  comer  see  16,  63-9. 

509.  Fine  conglomeritio  diabase.  375  paces  north  of  the  8. 
W.  corner  sec  9,  63-9. 

610.  Porphyrelle.     N.  B.  i  sec  8,  63-9. 

510  A.    Porphyrelle  containing  red  jasper.    Same  locality. 

510  B.     Porphyrelle  containing  greenstone     Same  locality. 

611.  Diabasic  rock  foand  enclosing  jaspilyte,  IT.  £.  i  sec.  8, 
63-9. 

511  A.  Contact  specimens  of  diabase  and  jaspilyte.  Same 
locality. 

51]  B.  Diabase  oootaining  firagmenta  of  jaspilyte.  Same 
locality. 

oil  C.  Porphyritic  diabase  containing  fragments  of  porphy- 
relle.    Same  locality. 

512.     Soft  talcose  roek.     Same  general  locality. 
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613.  Qray  schistose  rock  foand  in  contact  with  jaspllyte. 
Same  locality. 

614.  Jaspilyte  (jasper  and  magnetite).   Same  locality. 
516.     Porphyrelle.     N.  W.  i,  N.  E.  i  sec  8,  63-9. 

616.  Trap  rock.     Catting  last. 

617.  Botted  diabase.     Sonthwest  of  last  some  distance. 

618.  MicaoeoDS  diabasic  schist.    Same  general  locality. 

619.  White,  crambling  jasper.     Sea  8,  63-9. 

620.  Dark,  ancieat  conglomerate  in  contact  with  the  porphy- 
relloid  conglomerate.    Sec.  8,  63-9. 

621.  Contact  specimen.  Diabase  and  porphyrelle.  Sea  8, 
6»-9. 

522.  Coarser  diabase  than  osoal,  having  white  crystals  of 
feldspar  on  weathered  sar&cee. 

622  A.    Fine  diabase  cutting  622. 

523.  Fine  grained  olivinitio  mica  schist  S.  W.  forty  sea  10, 
63-9. 

623  A.    Conglomeritio  mica  schist.    Same  locality. 
523  B.    Diabasic  mica  schist.    Xorth  of  last. 

524.  BoBty,  decomposed  mica  schist.     Same  locality. 

626.  Mica  schist  showing  stratification.  At  300  .paces  north 
of  the  8.  W.  corner  sec.  10,  63-9. 

626.  Mica  schist  from  a  contact  between  it  and  diabase.  100 
paces  north  of  last. 

527.    Diabase  from  same  contact. 

628.  Diabase.     N.  W.  t,  S.  W.  I  sec.  10,  63-9. 

629.  Dark,  pitted  mica  schist.    Same  locality. 

630.  Diabasic  strata  in  mica  schist.    Same  locality. 
531.     Porphyritic  mica  schist.     Korth  of  last 

632.  Diabase  conglomerate.     Same  general  locality. 

533.  Mica  schist,  somewhat  diabasic.  Jnst  sonth  of  the  qnar- 
ter  poet  between  sees.  3  and  4,  63-9. 

634.  Porphyrelle.    IS.  E.  corner  sec.  4,  63-9. 

535.  Argillitic  mica  schist.     Same  locality. 

636.  Porphyrelloid  conglomerate.  8.  E.  i,  N.  W.  i  sec.  4, 
63-9- 

637.  Jaspilyte.    S.  W.  i,  N.  W.  t  sea  4,  63-9. 

538.  Dial^ase  from  contact  with  Jaspilyte.  Same  locality  as 
last. 

638  A  and  538  B  are  from  a  distance  of  five  and  ten  feet  re- 
spectively from  this  contact. 
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536  C.  A  pbase  of  the  diabase  which  does  not  look  so  basic. 
Same  place. 

639.    Black  jasper  and  magnetite.    Same  locality. 

Xos.  540  and  540  A  to  640  J  illostrate  a  transition  from  fine 
diabasic  schist  through  silioeons  ai^llyte  to  porphyrelle  which 
takes  place  between  the  S.  W.  corner  sec  4  and  the  E.  qaarter 
post  sec  8,  63-9. 

541.  Mica  schist.     N.  W.  I,  S.  W.  t.sec  9,  63-9. 

542.  Fine,  dark  syenite.     N.  "W.  J,  N.  B.  i  sec  9,  63-9. 

BLBVATIONB   DBTEBHINED    BT  iJITEBOID  BABOHETEB   BT  H.   T. 
VINCHELL. 


L.  Superior. 

Devil'a  Track  river  »t  tho  cwastog  of  the  coimty  wad  Dorth  of  Grand 

Top  of  "Pine  Monntain.! 
Bontb  Brv,\6  river  at  the  a 

1000 

Mayhewlake 

1386 

LtAe  Vira  is  about  tbe  mme  bight  h  Knife  lake. 
Ensign  lake  ii  40  feet  lower  than  Enife  lake. 
Snowbank  lake  is  45  foet  higher  than  Knife  lake. 
Disappointment  lake  is  120  fL  higher  than  Enife  lake. 
Round  lake  is  90  feet  highei  than  Knife  lake. 

Eawishiwi  liTer  is  67  feet  higher  than  Enife  lake  where  the  portage  &oin 
Snowbank  lake  strikee  It.     N.  W.  ^  sec  IS,  63-9. 

OOMTAOrS  0B8EHTED. 

Animike  on  the  syenite  of  the  Gianf  s  range,  "[north  of  Iron 
lake;  also  weet  of  Ganflint  lake,  N.  W.  i  sec  23,  66-4;  also  8. 
E.  t,  N.  E.  i  sec.  35,  61-12. 

Gabbro  on  Animike,  N.  E.  1  sec  26,  61-12  sonth^of  Birch  lake; 
also  south  side  of  Disappointment  lake.  Gabbro  on  syenite,  N. 
W.  i  sec  24,  61-12;  also  N.  B.  t  sec  7,  63-8.  Fine-grained 
gabbro  or  trap  on  Animike  slate,  east  end  of  Ganflint  lake, 
and  around  Loon  lake  Animike  on  Keewatin,  creek  bed  at 
east  end  of  Ganflint  lake;  also  N.  W.  i  sect36,  65-5;  also  "S.  E. 
sec  25,  65-4. 
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Trap  rock  on  porphyrel,  Loon  lake;  also  sec.  8,  63-9.  Jaspi- 
lyte  and  porphyrel,  Trp.  63-9,  many  places.  Jaspilyte  and  dia- 
base, many  places  in  Tvp.  63-9.  Mica  schist  and  diabase,  8.  W. 
1  sec.  10,  63-9.  Mica  sdList  and  porphyrel,  N.  E.  corner  Bee  i, 
«3-9. 

TBANBITIONB  OB8EBVED. 

From  Animike  to  syenite.     North  of  Iron  lake. 

From  Keewatin  hydromica  schist  to  granite.  N.  E.  i  seci  9, 
«3-12. 

From  black  Animike  slate  npvard  to  fine  gabbro  or  trap. 
Sonth  Bide  of  Loon  lake. 

From  black  Animike  slate  downward  to  trap.  N.  E.  k  sec. 
23,65-4. 

From  mica  schist  to  "musoovado"  and  back  to  mica  schist. 
2f .  K  i  sec.  4,  63-8. 

From  mica  schist  to  diabase.    "S.  W.  i  sea  34,  64-8. 

From  diabase  throagh  diabasio  agglomerate  to  chloritic  schist. 
Twp.  63-9. 

From  diabasic  schist  throngh  siliceons  schist  to  porphyrel. 
Twp.  63-9. 

OONGLOMEEino  BTBUCIUBE  OBSEBTBD  IN 

Keewatin,  ii^g^lBtoee,  porphyreltoid  and  diabasic  iMrtions. 

Animike,  in  varions  places. 

Syenite  of  Giant's  range,  at  EUnsdale. 

Mica  schist  and  porphyrelloid  mica  schist.  S.  E.  i  sec. 
32,  64r-8. 

Oabbro,  containing  fragments  of  Animike.  N.  K  1  sea  26, 
«1-12. 

Vol.  111—19. 
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BEPOBT   OF  GEOLOGICAL    OBSERVATIONS  MADE   IN 

NORTHBASTEEN   MINNESOTA    DTTEING 

THE  SUMMER  OF  1888. 


By  Uly.  8.  Grata. 


,L    Gbnbbal  Statement. 

Dnriog  the  latter  part  of  June,  all  of  Jaly,  and  the  greater 
part  of  Aa^ost  a  party  was  .employed  in  coUectiog  sete,  of 
trenty-five  specimens  eAch,  of  the  typical  rocks  of  northeastem 
Minneaota.  Besides  the  writer,  the  party  consisted  of  Mr.  A. 
D.  Meeds,  of  the  UoiTersity,  and  two  Indians,  Charley  and  Nick 
Backer,  £rom  Vermilion  lake.  The  traveling  was  done  en- 
tirely by  canoe,  as  is  nsaal  ia  this  region.  The  town  of  Ely, 
which  is  now  the  northern  terminus  of  the  Dalath  and  Iron 
Range  railroad,  wasnsed.as  a  snpply  point,  and  from  here  three 
trips  were  made  eastward  and  south-eastward, —  each  trip  takiDg 
about  three  weeks.  Most  of  Uie  country  from  Vermilion  lake 
ease  to  Gonflint  lake,  explored  by  the  survey  daring  tbe  last  two 
summers,  was  passed  over,  and  rook  samples  collected  from 
varions  localities  designated  by  Prof.  N.  H.  Wincbell.  The 
samples  are  of  moaenm  size  —  three  by  four  inches — and  bear 
the  nnmbers  given  by  Prof.  Winohell  in  tbe  tenth,  fifteenth  and 
sixteenth  annual  reports  of  the  survey.  In  all  forty-five  sets,  or 
over  eleven  hundred  specimens,  were  collected;  these,  together 
with  those  collected  in  1886  and  1887,  form  quite  a  oomplete 
series  of  typical  rocksof  that  part  of  the  state  lying  north  of  lake 
Superior.  The  specimens  were  shipped  to  Minneapolis  and  are 
now  in  the  rooms  of  the  survey, — but  as  yet  they  have  not  been 
unpacked  and  labeled. 

While  collecting  the  rock  samples  some  attention  was  paid  to 
the  geology;  thus  a  few  additional  facts  were  noted,  and  several 
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plac«e,  not  before  visited  by  the  survey,  were  ezamined.  Bat 
these  observations  vere  not  very  extensive,  as  the  time  was  lim- 
ited and  the  main  object  was  to  collect  the  samples  -wanted,  "nus 
&ct,  together  with  the  inexperience  of  the  writer  in  the  line  of 
geology,  will  perhaps  acconnt  for  discrepancies  in  the  following 
pages.  The  only  place  where  any  detailed  observations  were 
made  vas  on  the  north  shore  of  Onnflint  lake  while  trying  to 
discover  the  western  extension  of  the  belt  of  hornblende  schists 
(Vermilion  series)  which  lie  between  the  vertical  earthy  schists 
(Kewatin)  on  the  south  and  the  gneiss  on  the  north. 

Daring  the  latter  p&rt  of  Angost,  all  of  September  and  the 
first  half  of  October  the  writer  was  engaged,  uniler  the  direction 
of  Mr.  H.  Y.  Winchell,  in  examining  reported  outcrops  of  iron 
ore.  While  thus  employed,  two  separate  trips  were  made, — 
one  Arom  Gunflint  lake  soath  to  Bru]6  lake,  and  one  along  the 
Kawishiwi  river  in  T.  63-7  and  62-9.  A  few  notes,  concerning 
the  general  geology  of  the  country  thus  passed  over,  are  given} 
but  it  should  be  remembered  that  the  main  object  of  these  trips 
was  to  examine  into  the  richness  and  extent  of  the  iron  ore  ont- 
crope.  liTotes  on  a  few  of  the  lakes  passed  through  on  a  trip 
from  Kawishiwi  lake  south  to  lake  Superior  are  also  given;  bat 
a  fall  aocoant  of  this  trip  will  be  foand  in  the  raport  of  Mr.  H. 
V.  WincheU. 

Owing  to  the  numerous  heavy  spring  rains,  all  the  lakes  and 
rivers  were  very  high, —  from  two  to  five  feet  higher  tlian  during 
the  summers  of  18S6  and  1887;  this  rendered  examination  of  rock 
exposures  along  the  lake  shores  more  difficult  than  formerly,  as 
in  many  oases  the  water  extended  back  over  the  rocky  shores  to 
the  soil.  The  insect  pests  (black- flies  and  mosquitoes)  were  also 
very  numerous  and  troublesome. 

liie  Canadian  side  of  the  boandary  lakes  and  rivers  from  Onn- 
flint  like  to  Ottertrack  lake,  seems  to  have  been  surveyed  daring 
the  last  year. 

The  rock  samples,  which  illustrate  the  following  notes,  are 
numbered  from  1  np  to  298,  the  letter  Q  being  placed  on  each 
specimen,  after  the  number.  The  figures  are  green, — paris 
green  and  shellac  dissolved  in  alcohol  being  used. 

The  township,  section  and  quarter  section,  where  epch  speci- 
men was  found,  is  given.  The  township  (in  this  report)  is  always 
north  and  the  range  west  of  the  fourth  principal  meridian,  Min- 
nesota. 

Appended  to  this  report  will  be  foand  (1)  a  brief  summary  of 
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obseiratioiiB,  (2)  a  lifit,  wjtb  notee,  of  the  typical  rocks  of  Thich 
35  specimens  were  collected,  (3)  a  table  of  barometric  elerationB 
and  (4)  a  catalogae  of  rock  samples  to  illnstrate  the  ^Titer's 
notes. 

Magnetic  bearings  were  taken  ronghly  in  the  field;  these  hare 
not  been  corrected  either  for  general  or  local  variations. 

n.    Qbologioal  Kotes. 

OTTEKTRACK  JJiKE. 

This  is  one  of  the  boandary  lakes,  and  extends  north-east  and 
sonth-vest  in  T.  66-$.  On  the  north  shore  of  the  lake  in  X.  E. 
1  of  N.  W.  i  sec.  27,  T.  66-6  (if  the  Minnesota  sections  were  ex- 
tended northward  to  the  Canadian  shore)  is  a  cliff  aboat  forty 
feet  high;  this  cliff  is  composed  of  magnetic  iron  slates 
banded  with  red  and  black;  the  red  bands  are  jasper  and  the 
black  ones  are  composed  mostly  of  magnetite.  The  bandii^  is 
twisted  and  bent  in  every  direction,  bnt  is  almost  always  in  a 
vertical  plane.  Mr.  J.  F.  Conniff  of  Dalnth  tells  me  that  on 
the  sonth  side  of  the  lake  in  the  K.  i  of  sec:  33  (80  rods  south  of 
the  lake  shore),  there  is  an  exposure  of  these  vertical  iron  sl^iee; 
he  says  they  appear  in  the  form  of  a  "vein,"  from  four  to  twelve 
feet  wide,  and  strike  east  and  west.  So.  1  and  'So.  2  are  speci- 
mens he  gave  me  from  this  locality;  No.  3  is  from  the  cliff  on  the 
north  shore  of  the  lake.  The  fiist  outcrop  on  the  shore  west  of 
these  slates  is  represented  by  So.  4,  and  the  first  east  of  them  by 
So,  5,  both  of  which  are  graywacke-like  rocks.  A  full  account 
of  this  place  will  be  found  in  the  report  of  Mr.  H.  V.  Winchell; 
also  see  the  sixteenth  annual  report,  p.  210,  for  the  geol<^  of 
Ottertrack  lake. 

GUNPLINT  LAKE  AND  VIOINITY. 

This  lake  lies  on  the  boundary  in  the  north  part  of  T.  65-3, 
and  extends  eastward  into  T.  65-2;  it  also  tenches  the  eastern 
side  of  T.  65-4. 

On  the  small  island  in  8.  E.  i  of  S.  E.  \  sec.  13,  T.  65-4,  were 
found  five  elongated  pieces  of  a  dark  schist,  which  is  composed 
principally  of  hornblende  and  feldspar,  the  latter  weathering 
pinkish;  these  pieces  are  in  the  ^enite  of  which  the  island  is 
composed;  the  largest  piece  was  five  feet  long  and  seven  inches 
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wide;  the  long  axis  of  each  piece  extends  in  the  same  direotioiir 
—  i.  e.  H".  85°  W.  (Mag.).  All  the  pieoee,  except  one,  thin  oat 
into  wedge-shaped  ends.  Ko.  6  represents  the  syenite,  and  So.  J 
the  schist.    The  largest  of  these  pieces  is  shown  in  Fig.  1. 


-^/'r 


Fig.  A .    Nomiltmlt  Khiit  inUoied  in  tgoMt,  OunJIliU  iMtt, 

Sections  north  of  Ounfiint  lake.  Three  eectiona  were  made 
north  from  the  lake  near  the  centre  of  the  northern  shore, 
the  object  being  to  discover  what  becomes  of  the  hornblende 
sebist  belt  (&e  Vermilion  series  of  the  snrrey)  that  was  foand 
north  of  the  lake  near  its  eastern  end  io  1887.  If  this  belt  con- 
tinaes  in  the  same  strike  as  there  seen,  it  shoold  appear  again  in 
Blaokfly  bay  north  of  the  narrows  of  the  lake;  bnt  no  trace  of  it 
is  here  fonnd.  l^e  meaBnrements  in  these  sections  are  only 
ronghly  estimated,  the  ground  being  too  rough  and  too  mach 
covered  with  anderbmsfa  to  ^low  pacing.  The  location  of  Uie 
observations  is  given  as  acoorately  as  possible,  sapposing  the 
section  lines  of  the  Minnesota  townships  to  be  extended  to  the 
Canadian  side.  Fig.  2  shows  the  relations  of  this  belt  of  crystal- 
line schists  and  of  the  Kewatin  slates  to  the  syeniHc  gneie&  For 
the  description  of  tlus  belt  of  ho>mblende  schists  the  reader  ls> 
referred  to  the  sixteenth  annual  report,  pages  68-77,  262-6,  337^ 
and  the  map  on  page  265. 

Seotioii  I:  Xorth  from  the  lake  shore  a  little  west  of  the  line 
between  sees.  14  and  16,  T.  66-3.  This  wonld  be  directly  north 
of  the  east  end  of  the  island  in  sec.  16 — the  only  island  in  this 
part  of  the  lake. 

The  first  rock  exposed  is  a  vertical  sericitio  schist,  on  the  lake 
shore ;  it  extends  east  and  west  abont  200  yards ;  this  is  the 
most  westerly,  but  one,  exposure  of  vertical  schists  on  Gun- 
flint  lake.  This  rock  is  represented  by  ISo.  11 ;  the  oxposnr© 
continues  north  100  feet,  and  rises  8  feet  above  the  water.  After 
passing  a  swamp  260  feet  wide,  a  hill  rises  60  feet  above  the 
lake ;  this  hill  is  composed  of  schist  or  slate  similar  to  Xo.  11^ 
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but  it  is  groiriDK  harder  and  more  flinty  (No.  12);  this  hill  is  200 
feet  across.  Beyond  is  another  swamp  abont  200  feet  wide,  and 
then  riaee  a  Becond  ridge,  400  feet  in  width ;  the  first  ezpoenre 
is  of  a  fine  porphyrelloid  roek  (Xo.  13)  with  small  crystals  of 
white  feldspar;  these  orystalfi  are  arranged  more  or  less  in  layers 
corresponding  to  the  strike.  The  rest  of  the  hill  is  composed  of 
alternating  beds  of  black  slate  (No.  16)  and  porphyrelloid  rock 
represented  by  No.  13;  the  latter  rook  varies  from  that  in  which 
the  feldspar  crystals  are  qnite  conspionoas,  i  inch  or  more  in 
diameter  (No.  11],  to  that  in  which  they  are  quite  small  (No. 
16).  Near  the  top  of  the  hill  and  lying  in  a  small  depression  is 
a  mass  of  dark  trap  (No,  17);  the  contact  between  the  trap  and 
slate  was  covered  by  soil.  Nearer  still  to  the  top  of  the  bill  are' 
two  dikes,  one  and  fonr  feet  in  width;  these  dikes  ran  parallel 
with  the  beds  of  slate  and  are  exposed  for  over  20  feet;  in  tii» 
larger  are  fragments  of  baked  slate;  and  the  enter  portion  of 
this  dike  is  very  mncb  finer-grained  (No.  18)  than  the  inner 
(No.  19);  Nos.  18  and  19  seem  to  be  aboat  the  same  as  No.  17. 
On  the  sommlt  of  the  hill  in  the,  porphyrelloid  schist  is  an  elon- 
gated mass  of  a  soft  schistose  rock  (No.  20)  running  N.  70°  W. 
(Mag.),  diagonally  across  the  bedding;  this  rock  was  traced  ten 
feet  before  disappearing  under  the  soil;  the  schist  is  in  no  wise 
changed  near  the  contact,  and  near  by  it  is  bent  aronnd  some- 
amaller  lenticolar  masses  of  the  same  rook  (No.  20). 

Going  north  for  the  next  half  mile  the  following  country  is- 
passed  over: — 

Swamp; — no  ezpoenres. 

Bidge,  abont  200  feet  above  the  lake,  composed  of  black  slate 
and  fine  porphyrelloid  schist.  On  the  north  side  of  this  hill 
gabbro,  similar  to  that  on  the  lake  shore,  was  found. 

Bock  covered. 

Very  hard  black  slate  (No.  21),  containing  specks  of  iron  pyrites;, 
also  porphyrelloid  schist. 

Bock  covered. 

Black  slate. 

Gabbro;  contact  with  slate  not  seen. 

Bock  covered. 

Gabbro  represented  by  No.  22. 

Bock  covered  for  50  feet. 

Black  slate,  No.  23;  strike  N.  86°  R  (Mag.). 

Bock  covered  for  aboat  160  yards,  and  ground  rapidly  descend- 
ing toward  the  north. 
Vol.  Ill— 20. 
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At  the  foot  of  the  ctesoent  wae  a  rather  ooarse  porphyrelloid 
■schist  (Ko.  24)  largely  composed  of  a  soft  .mlDeral,  probably 
4ieri(dte. 

NoTT  comee  a  rather  level,  almost  sirampy,  place  with  a  few 
«mall  hills;  it  extends  for  aboat  a  third  of  a  mile,  as  follows: — 

Bock  covered;  swamp,  abont  1,000  feet. 

Black  slate. 

Bock  covered. 

Micaceous  schist  (No.  26);  this  is  probably  io  place. 

Bocks  covered  for  aboat  300  feet. 

One  hundred  feet  of  a  heavy  black  hornblende  schist;  vertical, 
■strike  N.!i5°  E.  (Mag.).  At  the  south  side  of  this  ezpoeare  the 
rock  is  represented  by  Ko.  26;  this  seems  to  be  composed  of 
hornblende  with  some  feldspar;  the  schistose  stractare  is  very 
prononnced.  This  rock  soon  grades  into  No.  27,  which  is  heavier 
and  has  better  developed  hornblende  crystals;  the  schistose 
structure  is  not  very  evident,  except  on  the  weathered  surfaces. 

The  rock  waa  now  covered  for  about  200  feet,  and  then  came 
an  exposure  of  a  very  hard,  dark,  fine-grained  mica-schist  (So. 
28.),  This  exposure  was  20  feet  wide  (ST.  and  S.)  and  40  feet 
long;  strike  B.  and  W.  (Mag.);  vertical. 

After  another  swamp,  400  feet  wide,  came  an  exposure,  60  feet 
wide,  of  vertical  schist;  this  oonsistedof  parallel  bands  of  several 
kinds  represented  by  Nos.  29, 30, 31  and  32.  No.  29  is  light  colored, 
composed  mostly  of  feldspar,  which  weathers  pinkish,  and  a  small 
amount  of  mica;  bands  of  this  were  of  all  widths  up  to  one  foot; 
this  rook  made  np  abont  one-half  of  the  exposure.  No.  30  is 
darker  and  contains  mnoh  hornblende.  No.  31  contains  still 
more  hornblende;  bands  of  this  and  the  preceding  were  not  over 
six  inches  wide.  No.  32  is  a  very  dark,  fine,  mica-schist;  no 
bands  of  this  over  two  and  a  half  inches  in  width  were  seen, 
Samples  could  be  found  all  the  way  between  No.  29  and  No.  32, 
but  the  outlines  of  the  different  bands  were  very  distinct.  The 
bands  would  oiten  ran  out  to  needlepoints  and  disappear. 

Beyond  another  swamp,  abont  400  PSet  wide,  was  a  small  hill, 
covered  by  soil,  but  on  removing  the  thin  layer  of  soil  the  solid 
rock  was  exposed;  this  rock  (No.  33)  is  composed  of  hornblende 
and  feldspar;  it  is  quite  firm  and  on  fresh  surfoces  appears 
rather  massive,  but  on  the  weathered  surfaces  the  schistose 
structure  is  plainly  seen;  this  schistosity  is  vertical  and  strikes 
N.  86°  B.  (Mag.).  The  rock  contained  a  ibw  small  areas  in  which 
the  hornblende  seemed  to  be  collected  in  great  quantity. 
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Beyond  the  last  exposure  was  ti  swamp  extending  northward; 
DO  hills  conld  be  seen  for  three- fourths  of  s  mile. 

Taking  the  sum  of  the  foregoing  distances,  roughly  estimtri^d, 
we  have  a  section,  straightacroBsthestrikeof  the  slates andschists, 
of  6,790feet,  or  somewhat  over  a  mile  and  a  quarter.  Thiswonld 
|rive  the  belt  of  earthy  schists  and  slates  (Kewatin)  a  width  bf  4,810 
^t;  and  titerayBtallioe  schist  belt  (hornblende  and  micfrscbiste), 
extending  north  from  No.  26  (Ko.  25  not  being  inclnded,  as  it 
■was  not  positively  determined  to  be  in  place),  would  have  a 
width  of  1,220  feet.  The  width  of  the  latter  belt  is  probably 
greater  than  1,220  feet,  as  the  northern  limit  may  nob  have  been 
reached  and  there  are  070  feet  between  the  slates  and  the  soath- 
■ern  outcrop  of  crystalline  schists  where  no  exposures  were  seen. 

Seotiok  II:  This  section  mns  directly  north  from  the  lake, 
and  is  abont  three-fonrths  of  a  mile  west  of  section  I,  or  very 
near  the  line  between  sees.  15  and  16,  if 'this  line  were  extended 
northward  from  the  Minnesota  side.  For  the  first  half  mile 
fh)m  the  lake  there  is  a  well-cat  surveyor's  line. 

At  the  lake  shore  there  are  Animike  slate  fr^ments,  and  jnst 
beyond  this  and  15  feet  above  the  water  Is  a  ridge  of  gabbro, 
which  is  abont  200  feet  across.  A  swamp  extends  for  one-half 
mile  from  the  shore;  beyond  this  swamp  is  about  700  feet  of  dry, 
level  ground  with  no  rock  exposures.  Then  comes  a  low  ridge, 
BO  feet  across,  on  which  are  many  granite  boulders  and  a  few 
£abbro  frt^ments,  but  no  rock  was  seen  in  place.  After  crossing 
500  feet  of  lower  ground  we  came  to  a  small  ridge  of  gneiss  (No. 
3i)  composed  of  qaartz  and  feldspar,  with  some  hornblende  and 
s  small  quantity  of  a  light  yellow  mineral. 

After  passing  over  two  othersmall  ridges  of  gneiss  there  comes 
a  range  of  large  hills  of  the  same  gneiss;  from  the  first  appear- 
ance of  this  rock  to  the  range  of  large  hills  is  about  600  feet.  The 
gneiasic  structare  can  be  plainly  seen  on  the  weathered  surfaces; 
it  is  vertical  and  runs  about  E.  and  W.  (Mag.).  This  range  la 
from  40  to  75  feet  above  the  swamp,  and  extends  eastwardly, — the 
aonthern  front  being  precipitous  and  mnning  N.  56"  E.  (Mag.); 
south  of  it  is  a  valley  surroouded  by  hills;  the  location  is  shown 
in  Fig.  2. 
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Several  pieoes  of  micaceous  schist  vere  foand  in  this  gneiss; 
they  were  lenticnlar  in  sliape  and  ran  with  the  gneissic  stmc- 
tnre.  The  largest  piece  of  sdiist  was  19  feet  long  and  18  inches 
wide,  and  one  end  was  irregular  instead  of  running  out  to  a 
point;  So.  35  is  from  this  piece. 

A  short  distance  east  of  the  first  obserred  gneiss  is  a  trap  dike, 
20  feet  wide,  running  X.  83°  E.  (Mag.)  throngh  the  gneiss  hills; 
this  dike  was  traced  for  over  200  feet.  The  trap  contained  a  few 
scattered  crystals  of  feldspar,  some  of  which  are  a  quarter  of  an 
inoh  long;  this  rock  is  represented  hy  Xo.  36.  A  mass,  3  feet  in 
diameter,  of  trap  quite  rich  in  m^netite  (No.  37)  was  found  in 
this  dike. 
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South  of  tMs  range  of  gneiss  hills  is  another  range  of  hills 
made  of  Kewadti  slates.  At  the  place  marked  38  in  Fig.  2  the 
states  dip  northward  about  80°;  tlie  strike  of  all  the  slates  is  E. 
and  W.  (Mag.).  Here  the  slate  (\o.  38)  is  interbedded  with 
porphyrel  (Ko.  39).  A.boat  100  feet  east  of  this  there  is  a  dike  of 
a  soit  schistose  rock  (No.  40)  running  parallel  with  the  slate  and 
porphyrel;  this  dike  is  4  feet  wide  and  was  traced  for  25  feet;  it 
had  split  and  inclosed  a  mass  of  the  porphyrel  (ISo.  42)  which 
seems  to  have  been  changed  by  heat;  the  porphyrel  at  the  con 
tact  has  the  same  appearance  as  the  inclosed  mass.  A.  part  of 
the  dike  ia  mnch  ftner-grained  than  the  reet,  —  this  is  shown  by 
No.  41.  This  dike  rock  seems  to  hare  changed  to  a  micaceotts 
schist;  the  schistose  stmotare  runs  with  the  length  of  the  dike. 

Extending  from  the  slate  hills  to  the  gneiss  range  are  three 
low  hills  composed  of  rerticat  slate,  on  top  of  which  is  gabbro;  here 
the  slate  had  been  somewhat  bent  and  broken,  bat  the  general 
strike  was  E.  and  W.  (Mag. ).  Jnst  west  of  these  are  two  low  hille 
mnning  par^lel  with  the  gneiss  range;  near  the  eastern  end  of 
these  bills  is  an  exposure  of  vertical  slate,  striking  E.  and  W. 
(Mag.);  and  between  the  two  hills,  and  almost  directly  in  the 
strike  of  the  slate,  is  an  exposure  of  gneiss.  The  last  mentioned 
exposure  of  slate  was  within  100  feet  of  the  gneiss  hills.  (See 
Fig.  2.) 

Her©  we  find  a  range  of  gneiss  hills  directly  in  the  strike  of 
the  Kewatin  slates;  and  the  slate  comes  up  to  the  gneiss,  thns 
leaving  no  room  for  the  belt  of  crystalline  schists;  subsequently 
the  crystalline  schists  were  fonnd  a  short  distance  northeast  of 
this  place. 

Section  ni:  Abont  1S°  west  of  north,  firom  the  end  of 
Kewatin  bay  (see  map  on  page  255  of  I6th  An.  Bep.)  to  the 
gneiss  in  the  N.  W.  i  of  sec.  1ft. 

Forty  feet  from  the  lake  is  a  hill,  200  feet  wide,  rising  40  feet 
above  the  water;  the  rock  here  is  a  vertical  reddish-weathering 
schist  (No.  47),  striking  N.  80"  E.  CM^.).  Six  hundred  feet 
beyond  this  is  is  another  hill  300  feet  wide;  this  is  composed  of 
vertical  black  flinty  slate  (No.  48)  which  weathers  whitish;  the 
strike  on  the  south  side  of  the  hill  is  N.  78"  E.  (Mag.),  and  on 
the  north  side  it  is  N.  82°  E.  (Mag.).  After  crossing  a  swamp 
we  come  to  another  hill  about  half  a  mile  &om  the  lake;  here 
is  a  rather  light-colored  sericitic  schist  (No.  49)  striking  N.  85° 
E.  (Mag.)>  About  600  feet  b^ond  this  is  a  large  mass  of  gabbro 
(No.  60),  very  mnch  decayed.     And  afew  rods  fhrther  are  verti- 
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pal  Blates  striking  E.  and  W.  (Mag.)-  This  brings  ns  to  the  val- 
ley shown  in  Fig.  2. 

Grossing  over  to  the  gneiss  hills  on  the  north  of  this  valley  and 
following  them  northeast  for  aboat  1,000  feet,  we  come  to  a  large 
hill  Thich  18  400  feet  wide  (S.  and  8.);onthe've6terDand  north- 
vestem  sides  of  this  hill  are  nnmeroos  oatoropa  of  vertical  crys- 
ti^ine  schists,  striking  E.  and  W.  (Mag.)>  The  specimens  col- 
lected here  are  Ko.  61  to  No.  66;  these  were  fonnd  interbedded 
in  the  same  manner  as  described  in  section  I.  No.  61  is  a  horn- 
blende schist  with  a  large  quantity  of  feldspar.  Xo,  52  baa 
more  faombleada  No.  63  is  a  fine  dark  mica-schiet.  Nos.  64, 
66,  and  66  are  composed  mostly  of  hornblende  which  is  in  qnite 
large  crystals.  Directly  west  of  this  hill  of  crystalline  schists 
is  the  gneiss  range,  and  the  outcrops  oq  the  lower  ridg^  of  this 
range  are  within  150  to  200  feet  of  the  crystalline  schists.  One 
hundred  and  fifty  feet  W.  S.-W.  of  61  (Fig,  2)  there  is  an  out- 
crop of  reddish  syenite  (No.  67),  and  40  feet  north  of  No.  67  the 
syenite  is  represented  by  No.  68;  No.  67  does  not  show  any 
decided  gneissic  structure,  but  this  stmctnre  is  very  evident  ia 
No.  68;  it  is  vertical  and  runs  N.  85°  E,  (Mag.);  No.  58A  shows 
this  very  well.  Two  hundred  feet  &om  the  schists  and  directly 
in  the  strike,  the  gneiss  (No.  69)  is  again  seen;  the  gneiss  of  the 
range  of  hills  at  this  place  is  represented  by  this  specimen. 

The  range  of  gneiss  hills  here  extends  northeastwardly  and 
oatcrops  of  gneiss  can  be  seen  for  a  quarter  of  a  mile  in  that 
direction.  The  exact  contact  between  the  schisto  and  gneiss- 
could  not  be  found. 

Later  in  the  summer,  while  at  Ounflint  lake,  another  trip  waa 
made  to  the  locality  described  above.  From  the  last  mentioned 
exposure  of  cry&talline  schist  I  followed  west  over  the  gneiss- 
range  for  nearly  a  mile  and  a  half;  thence  south  half  a  mile,  and 
also  north  for  a  short  distance;  all  the  rock  seen  (there  were 
many  exposures)  was  the  gneiss  with  the  gneissic  structure  ver- 
tical and  ranuing  nearly  F.  and  W.  At  only  one  place  was 
there  any  other  rock  seen;  this  was  about  three-fourths  of  a  mile 
west  of  the  schists;  here  the  gneiss  held  many  small  pieces  of 
dark  homblendic  rock  represented  by  Nos.  170,  171,  and  172. 
Ko.  170  is  a  dark,  rather  fine  micaceous  schist.  No.  171  is  coarser 
and  shows  no  schistose  structure.  No.  172  is  stiU  coarse,  have 
lai^e  crystals  of  hornblende;  this  rock  is  very  similar  to  Nos.  27, 
55,  and  66.  All  of  these  specimens  seem  to  be  the  same  as  the 
rock  composing  the  crystalline  schists.     The  pieces  are  mostly 
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leotdcnlar  in  shape,  having  the  long  axis  east  and  west,  bat 
some  were  angular;  they  are  collected  qnite  thickly  in  a  rather- 
distiDct  area;  on  one  Bide  tliey  disappear  within  ton  inchee,  thos- 
making  a  rather  well  defined  line  between  the  patch  holding  the- 
foreign  piecee  and  the  rest  of  the  gneiss;  the  other  side  of  this 
patch  is  covered  by  soil,  bat  IS  feet  beyond  the  gneiss  appears 
again.  The  rock  in  between  the  fragments  contains  no  gnartz- 
(So.  173),  bat  this  rock  gradually  passes  into  the  ordinary  gneiss 
fNo.  174)  which  contaioa  large  grains  of  qnartz.  This  occur- 
rence of  foreign  pieces  in  the  gneiss  mnch  resembles  the,"con- 
gtomeritic  syenite"  of  Saganaga  lake  described  by  Dr.  Alexan- 
der Winchetl  in  the  sixteenth  aannal  report,  pages  219  and  334; 
also  in  the  American  OeologUt,  vol.  iii,  So.  3,  p.  153. 

The  facts  noted  in  these  three  sections  ma;  be  summarized  as 
follows: 

The  crystalline  schists  show  no  evidencee  of  having  been  twisted 
and  bent, — the  strike  is  quite  constant  and  contlnnes  so  up  to- 
witbin200  feet  of  the  gneiss;  no  outcrops  were  seen  between  this 
and  the  gneiss,  low  ground  intervening.  The  slates  in  one 
place  near  the  gneiss  are  somewhat  crumpled,  but  this  fB  only 
for  a  short  distance  and  may  have  been  caused  by  the  gabbro 
which  is  found  at  that  place.  The  crystalline  schists  (Vermilion 
series)  and  the  slates  (Kewatin)  are  cut  across  by  a  range  of 
^enite  gneiss  hills  which  run  K.  65"  E.  (Mag.).  This  syenite 
seems  to  be  the  same  macroscopically  as  that,  into  which  the 
crystalline  schists  pass  conformably  a  few  miles  farther  east. 
The  belt  of  crystalline  schists,  if  continued  in  their  strike  would 
appear  again,  either  on  Gunfiintlake  north  of  the  "narrows"  or 
on  the  boundary  river  Sowing  north  from  the  lake;  but  the  schists- 
are  not  seen  here;  all  the  rock  seen  for  a  number  of  miles  north 
of  the  line  b^ween  sees.  18  and  19,  T.  65-3,  along  the  lake  and 
river  shores  (except  a  small  area  on  the  east  side  of  Blaekfly 
bay,  which  is  Animike)  is  syenite,  and  there  is  no  trace  of  the- 
schiste,  unless,  perhaps,  itbea  very  few  lenticular  pieces  of  horn- 
blende schist  scattered  in  the  syenite, —  but  these  are  found 
elsewhere  in  the  syenite,  far  removed  from  any  quantity  of 
similar  rock.  From  the  facts  noted  it  seems  that  the  syenite 
has  been  pushed  over  or  has  flowed  over  the  crystalline 
schists,  or  that  there  was  a  &ult  running  N.  E.  and  S.  W.  and 
the  schist  beds  on  the  west  side  of  this  line  have  been  pushed 
Honthwestwardly  and  now  lie  under  the  lake,  or  even  further 
south  than  that  The  situation  of  the  rocks  as  shown  by  these' 
sections  is  given  in  Fig.  2. 
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Ir<m  location  at  Chvb  lake.  This  is  in  the  N.  E.  1  of  sec.  29, 
T.  65-4,  and  vas  visited  Id  1887  (see  sixteenth  annual  report, 
pages  82  to  86).  Since  September,  1887,  there  seems  to  have 
been  no  working  in  the  opening  into  the  blnff  on  the  north  shore 
of  the  lake;  "So.  44  is  a  fair  sample  of  the  iron  ore  foand  at  this 
place.  A  few  rods  vest  of  this  there  is  a  steam  engine  and  a 
large  qnantity  of  drill  pipe.  A  diamond  drill  was  worked  here 
daring  the  winter  of  1887-8  by  Mr.  Millar  of  Grand  Marais.  The 
drill  has  gone  down  throngh  the  Pewabic  quartzjrte  into  the 
greenstone.  A  few  piec«e  of  the  drill  oore  (No.  45)  were  lying 
about;  all  of  these  seemed  to  be  qnartzyte,  which  in  some  places 
contained  bands  of  a  dark  mineral,  probably  hornblende. 

First  faUa  north  of  Qunflint  lake.  These  &ill8  are  in  the 
boundary  river  in  the  S.  E.  i  of  N.  E.  1  sec.  13,  T.  65-4.  The 
rook  making  the  falls  is  the  syenite  gneiss  (No.  62)  of  the  region, 
with  the  gneissic  structure  running  No.  80°  E.  (Mag.).  On  the 
Canadian  side  of  the  river  is  a  diabase  dike  mnning  N.  5°  W. 
(Mag.);  this  is  first  seen  at  the  waters  edge  on  the  upper  (south) 
side  of  the  Mis.  The  dike  rock  is  fairly  represented  by  No.  61, 
bat  in  some  places  it  is  finer  grained,  as  shown  by  No.  61 
A.    After  running  north  about  50  feet  the  dike  suddenly  ends, 
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bnb  a  few  feet  east  of  this  it  is  seen  again  and  was  traced  north- 
ward for  about  150  feetj  here  the  rock  contains  more  of  a  yellow- 
ish-green mineral,  as  is  shown  by  So.  63;  and  in  some  places  the 
aar&oe  is  pitted  (shown  by  No.  64)  by  the  decay  of  one  of  the 
mineral  coDBtitnents. 

From  this  dike  a  spar,  four  inches  wide,  rans  out  into  the 
^enite  for  four  feet  and  ends  in  a  point  (see  Fig.  3).  Here  is 
apiece  of  the  syenite  in  the  dike;  this  piece  is  eight  feet  long 
and  fonr  inches  wide;  the  gneisaic  structure  is  pat-allel  to  that  of 
the  syenite  through  which  the  dike  cuts.  There  is  also  a  small 
lenticular  piece  of  syenite  in  the  dike,  but  in  this  the  gneissic 
structure  is  at  right  angles  to  the  other.  A  mass  of  hornblende 
schist  (ISo,  65)  is  inclosed  in  the  syenite,  and  one  end  of  it  is  in 
ooDtact  with  the  dike,  while  the  other  end  runs  to  a  point;  the 
Bchisto&e  structure  runs  with  the  gneissic  stmctare  of  the  sar- 
roanding  rock,  but  atone  point  (A,  Fig.  3)  it  is  slightly  bent.  By 
the  firmness  with  which  the  piece  of  schist  is  connected  with  the 
syenite  and  by  the  looseness  of  its  joint  with  the  dike  one  con- 
cludes tbM  the  schist  was  in  the  syenite  before  the  dike  cut  it; 
there  is  no  part  of  the  piece  of  schist  on  the  other  side  of  the 
dike.  Several  other  smaller,  lenticnlar  pieces  of  hornblende 
schist,  resembling  the  one  above  described  and  in  no  way  con- 
nected with  the  dike,  were  found  in  the  syenite  near  by. 

06IBHKE-HTJN0IE   LAKE. 

This  lake  lies'  In  sees.  13,  23,  2i,  26,  and  27  of  T.  6^-^.  The 
geology  of  its  shores  has  been  described  in  the  former  reports  of 
the  surrey,  bat  a  few  additional  notes  fl-om  one  place  are  here 
given. 

The  place  where  these  notes  were  taken  is  on  (he  soatheast 
shore  of  the  lake,  opposite  the  north  end  of  the  small  island 
which  lies  just  north  of  the  narrows  in  sec  24;  or  in  the  3.  E.  i 
of  N.  E.  i  of  N.  W.  i  sec  24.  At  the  water's  edge  is  a  gray 
■qoartzyte  (No.  76),  probably  the  same  as  the  gray  gnartzyte  in 
the  section  given  on  page  371  of  the  fifteenth  annual  report;  no 
bedding  was  seen  in  this  quartzyte.  A  few  feet  from  the  shore 
are  some  vertical  black  slates  (So.  77),  striking  ^.10°  E.  (Mag.); 
the  contact  between  the  slates  and  quartzyte  was  very  distinct, 
fuid  in  one  place  the  quartzyte  extended  across  the  strike  of  the 
slates.  On  the  shore  a  few  feet  east  of  this  place  the  quartzyte 
beld  a  bed  of  slate  about  one  foot  wide  and  striking  in  the  same 
direction  as  the  other  slates;  on  one  side  the  slate  bed  by  gradual 
Vol.  Ill— 21. 
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change  passed  into  the  qnartzyte,  vbile  on  the  other  side  the 
two  were  separated  by  a  eharp  line.  These  black  slates  contained 
many  siliceoas  bands  (shown  in  the  specimens  collected)  which 
sometimes  are  an  inch  in  width.  So.  78  is  from  one  of  these 
bands;  this  seems  to  be  a  gritty  sandstone  with  some  calcareons 
matter  in  it;  it  effervesces  slightly  with  cold  hydrochloric  acid. 
Going  from  the  lake  these  bands  increase  in  size  and  frequency 
and  the  black  slate  gradually  disappears.  The  rock  then  grades 
through  Nos.  79,  80,  and  81  to  No.  82  which  contains  some  quartz 
grains  bnt  is  chiefly  made  np  of  calcareous  or  dolomitic  matter. 
The  last  four  specimens  were  taken  in  a  distance  of  fifteen  feet; 
the  rock  all  weathered  with  a  vertical  sdiistose  structure  which 
ran  parallel  to  the  strike  of  the  black  slate,— i.  e.  N.  40°  E, 
(Mag.).  Three  feet  beyond  No.  82  the  conglomerate  (No.  83) 
occurred;  the  contact  between  the  two  was  covered;  the  con- 
glomerate seems  to  contain  some  of  the  dolomitic  matter.  The 
distance  from  the  lake  shore  to  the  conglomerate  was  not  more 
than  thirty  feet. 

BIBOH  LAKE. 

This  lake  extends  through  the  western  part  of  T.  61-11,  and 
the  soothem  part  of  T.  61-12.  During  the  summer  of  1886  some 
observations  were  made  along  the  Dunka  river  (see  the  fifteenth 
annual  report,  page  310),  but  there  was  not  time  to  visit  the 
high  ridge  sooth  of  the  Ukke  in  sees.  7,  8,  and  9,  T.  60-12,  and 
trace  it  eastward  to  the  river;  consequently  the  writer  was 
instructed  to  examine  this  locality.  The  high  ridge,  which  is 
made  np  of  syenite,  was  visited  by  Mr.  H.  Y.  Winchell,  and  a 
taH  account  of  it  can  be  found  in  his  report.  The  notes  here 
given  were  taken  along  the  trail  that  runs  south  from  the  lake. 

The  mouth  of  Dunka  river  is  near  tbe  centre  of  sec.  33,  T. 
61-12;  the  river  is  canoeable  for  about  half  a  mile  from  the  mouth ; 
at  the  first  rapids  there  is  a  trail  running  south.  This  trtdl 
crosses  tbe  river  in  the  S.  W.  i  of  sec  10,  T.  60-12;  here  the 
river  flows  over  gabbro  (No.  117)  which  contains  some  biotite. 
In  one  small  area  (about  ten  feet  sqoare)  on  the  surface  of  the 
gabbro  there  are  numerous,  narrow  dark  bands;  these  are 
brought  out  very  plainly  by  unequal  weathering.  The  bands  are 
parallelandvertical,runuingN.35''W.(M&g.).  Nos.  118andll8A 
show  these  bands;  the  latter  specimen  was  taken  from  a  looae 
piece.  About  half  a  mile  south  of  this  place  are  many  gabbro 
fragments  (No.  119)  which  evidently  came  from  rock  in  plaoe 
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near  by.  At  the  next  croasing  (8.  W.  i  ofS.E.  i  sec  15)  there 
are  also  Bome  large  gabbro  fi-agmentB  (No.  120).  The  river  at 
this  place  flows  throDgh  a  svamp  and  no  rock  is  exposed. 
Between  the  two  crossings  the  trail  is  in  many  places  covered 
with  follen  trees  and  is  diffienltto  follow. 

Jost  west  of  the  oroesing  in  sec.  10  there  is  a  low  drift  ridge; 
this  runs  a  little  sonth  of  weet;  it  was  followed  one-foarth  of  b 
mile,  where  it  tarns  more  to  the  sonth  and  seems  to  disappear. 
A  swamp  extends  westward  fh)m  this  hill,  and  abont  half  a  mile 
vest  of  the  croBsing  there  is  a  low  ridge,  ten  feet  high  and  300 
feet  long,  running  K.  20°  E.  This  ridge  is  composed  of  a  dark 
heavy  qaartzyte  with  bands  of  magnetite;  the  banding  is  qnite 
r^TQiar  and  parallel  and  gives  the  rock  a  decidedly  bedded 
appearance.  The  ridge  mns  with  the  strike  of  the  qaartzyte. 
The  dip  is  8.  20°  B.  at  an  angle  of  aboat  30°  (the  direction  of 
the  dip  is  only  estimated,  as  the  needle  was  mach  disturbed). 
Hie  specimens  collected  here  are  "So,  115.  This  rock  is  probably 
the  same  as  the  olivinitic  iron  (No.  116)  found  on  the  trail  in 
the  N.  W.  i  of  sec.  10  and  mentioned  on  page  341  of  the  fifteenth 
jMtnnfti  report.  What  I  have  spoken  of  as  a  qaartzyte  is  proba- 
bly composed  largely  of  olivine.  The  rock  is  a  part  of  the 
Animike  formation. 

KXWIBBIWI  BIVER. 

la  T.  63-9.  Prom  the  little  bay  in  the  S.  W.  t  of  8.  E.  t  sec 
15,  T.  63-9  there  is  a  trail  ranoing  northeast  to  the  quarter  poet 
between  sees.  11  and  16.  On  the  shore  the  ordinary  gabbro 
(!No.  132)  was  found;  it  here  held  a  few  grains  of  magnetite.  A 
quarter  of  a  mile  Arom  the  shore  the  trait  crosses  several  small 
exposures  of  iron  ore;  these  are  surrounded  by  the  gabbro;  the 
ore  is  magnetite  represented  by  "So.  133,  which  was  taken  ttom 
the  first  of  these  ore  exposares. 

About  sixty  yards  northwest  of  the  quarter  post  between  sees. 
14  and  16  is  a  hill  composed  of  a  fine-grained  rock  (No.  134), 
which  seems  to  be  what  the  survey  has  called  "  muscovado." 
The  east  side  of  the  hill  is  rather  steep  and  here  Is  some  more  of 
the  magnetite  (No.  135);  this  seems  to  lie  under  the  masoovado, 
as  it  is  exposed  all  along  the  base  of  the  hill  (about  260  feet)  and 
Jnst  above  and  within  ten  feet  of  it  the  muscovado  occurs  in 
place.  The  contact  between  the  two  was  not  found.  This  oat- 
crop  of  ore  seems  to  be  almost  pure  magnetite,  but  it  occurs'  in 
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the  gabbro  and  very  probably  contains  qaite  a  large  per  cent  of 
titanium,  as  all  the  gabbro  ores  do,  and  so  voald  be  oompara- 
tively  worthless.  The  ore  is  exposed  for  aboat  260  feet  and  the 
exposare  is  ten  feet  high;  the  iron  seems  to  extend  nnder  the 
hill  indefinitely.  The  specimens  collected  fairly  represent  this 
ore. 

After  reaching  the  qaarter  post  between  sees.  14  and  16  the 
trail  mns  north  on  the  section  line  to  the  northwest  corner  of 
sec.  14  and  then  east  one  mile,  and  then  north  on  the  line  between 
sees.  11  and  12  to  Snowbank  lake.  There  are  nnmerons  expos- 
Qres  of  rock,  bnt  it  is  all  Qie  ordinary  gabbro.  At  one  place  a 
few  small  pieces  of  magnetite  were  seen  in  the  gabbro.  Iron  was 
reported  jnst  west  of  the  gnarter  post  between  sees.  11  and  12, 
bet  after  search  in  this  locality  none  was  discovered. 

Mr.  Wm,  Diarmid  who  has  a  claim  in  the  X.  i  of  8.  W.  i  sec 
3,  T.  63-9,  says  that  (here  is  an  ontcrop  of  magnetite  in  the  gab- 
bro near  Uie  qaarter  post  between  sees.  13  and  14,  T.  63-9;  ^so 
one  in  the  S.  C  i  of  sec.  7,  T.  63-8.  He  also  mentioned  ontcrops 
of  jasper  in  the  N.  E.  i  of  sec.  8,  T.  63-fl  and  in  the  K.  W.  i  of 
sec  4.  These  localities  were  not  visited  by  the  writer,  bnt  Mr. 
H.  V.  Winchetl  examined  the  jasper  in  T.  63-9  later  in  the  sea- 
son. 

South  of  Mishitciakiwl  lake.  The  Indians  apply  this  name  to 
the  lake,  which  the  snrvey  called  Bald  Eagle  lake  in  the  fifteenth 
annual  report;  the  lake  lies  mostly  in  sees.  26,  26,  and  36  of  T 
62-10.  A  river  flows  into  the  southeastern  corner  of  the  lake^ 
and  about  a  mile  from  the  month  of  the  river,  or  in  the  K.  W.  k 
of  sec.  5,  T.  61-9,  there  is  a  stream  flowing  into  the  river  from 
the  south;  this  stream  is  canoeable  for  about  a  mile  and  a  half. 
On  the  right  bank  of  the  stream  and  an  eighth  of  a  mile  sontli 
of  its  month  is  a  hill  of  gabbro,  which  appears  to  be  the  west  end 
of  a  low  ridge  running  east  and  west.  This  gabbro  (So.  136)  has 
a  gneissic  stmctnre,  which  is  vertical  and  runs  N.  16°  W.  (M^.), 
making  the  rock  break  more  readily  in  this  direction  than  in 
any  other.  In  some  places  the  gabbro  lies  in  horizontal  beds 
from  two  to  four  inches  thick.  The  rock  seems  to  be  almost 
entirely  composed  of  a  feldspar  (probably  labradorite)  and  a 
mineral  which  is  probably  olivine;  this,  when  not  decayed,  is  of 
a  yellowish-green  color,  but  its  hardness  is  below  6.  A  few  rods 
further  south,  on  the  left  bank  of  the  stream  is  a  small  hill  of  the 
some  gabbro  showing  the  gneissic  stmctnre  running  in  the  same 
direction, — i.  e.  N.  16°  W.  (Mag.). 
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Aboat  a  tbird  of  a  mile  sooth  of  the  laat  mentioned  hili  is 
another  gabbro  liill  on  the  left  bank  of  the  stream.  The  rock 
here  is  Bimllar  in  oompoeition  to  that  above  described,  but  is 
oooreer  grained  and  does  not  have  the  gneiaaic  stmctare  eoen  in 
the  other;  but  many  of  the  veathered  sorfaoes  hare  a  peculiar 
banding,  vliich  is  caosed  by  the  feldspar  crystals  being  aggre- 
gated in  certain  lines  that  are  vertical  and  ran  S.  10°  W.  (Mag.). 
"So.  138  is  a  foir  sample  of  the  gabbro  i^m  this  locality,  vhile  No. 
137  shows  the  banding.  The  olivine,  as  it  decays,  loses  itsyelloviah- 
green  color  and  becomes  darker  (sometimes  having  a  deep  red  color, 
like  garnet)  until  on  the  weathered  sarfoce  of  the  rock  it  appears 
as  msty  spots.  The  decay  of  the  olivine  caoses  the  rock  to 
ommble  and'be  easily  shattered.  From  this  hill  a  higher  range, 
running  east  and  west,  oonld  be  seen  abont  ten  miles  to  the 
sooth. 

A  mile  and  a  half  f^om  its  month  the  stream  narrows  and 
rapids  soon  occnr;  here  Is  a  poor,  not  recently  used,  portage  on 
the  left  side  of  the  stream;  beyond  this  portage  the  stream  is 
crossed  by  many  foUen  logs,  so  we  went  no  farther. 

About  a  mile  and  a  half  south  of  this  place  the  low  ronnded 
bills,  a  form  common  to  a  gabbro  ooantry,  seem  to  be  collected 
into  a  low  range  that  runs  east  and  west.  The  country  sonth  of 
Mishiwishiwi  lake  has  been  burnt  and  is  uow  partially  covered 
by  small  poplars  and  birches,  although  many  of  the  hills  are 


The  gmaa  lake  in  sec.  32,  T.  63-10.  A  small  island  near  the 
soathem  shore  of  this  lake  is  composed  of  a  red  syenitic  gneiss 
(No.  139),  the  gneissic  stmctare  being  very  easily  seen  on  the 
weathered  sur^ces  and  running  N.  60"  E.  (Mag.)-  A  little 
north  of  this  is  another  island  composed  of  abont  the  same 
syenite,  but  this  (No.  140)  does  not  show  the  gneissic  structure. 
These  islands  are  in  the  N.  E.  (  of  S.  W.  i  sec.  32.  On  the 
-west  side  of  the  little  bay,  which  is  in  the  N.  W.  1  of  N.  W.  i 
sec  32,  the  syenite  is  lighter  colored  and  has  large  crystals  of 
hornblende  as  shown  by  No.  141.  At  the  portage,  in  the  N.  E. 
i  of  N.  E.  i  sec  31  there  is  a  light  gray  gneiss  (No.  142)  with 
the  gneissic  stractnre  ranning  N.  60°  E.  (Mag.)i  *'^^^  gneiss 
holds  pieces  of  a  darker  rock  (No.  143),  and  seems  to  be  mixed 
in  with  a  mica  schist  and  a  hornblende  schist  a  few  feet  south  of 
tiie  portage.  On  a  little  point,  near  where  the  line  between 
sees.  31  and  32  crosses  the  southern  shore  of  the  lake,  there  is 
red  syenite  like  No.  139.    There  was  not  time  to  examine  the 
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whole  lake,  bnt  the  shores  seemed  to  be  made  up  of  ^enite,  of 
which  Ko.  140  is  a  ialr  sample. 

Mr.  H.  Y.  WiDchell  fonnd  the  rock  on  the  Bontbern  (1)  shore 
of  this  lake  to  be  a  dark  hornblende  rook  (Ifo.  144),  whichgrades 
into  the  ordinary  ayenite  through  Xo.  146  and  Xo.  146. 

LAKE  ISABELLE.* 

-  This  lake  lies  In  sees.  26,  35,  and  36  of  T.  62-8  and  aecs.  30  and 
31  of  T.  6a-7. 

On  the  west  shore  of  the  little  bay  in  the  8.  W.  i  of  TS.  W.  i  of 
eeo.  35,  the  gabbro  is  composed  principally  of,  labradorite  with 
a  small  amoant  of  a  glassy  yellow  mineral  (probably  olivine)  and 
magnetite,  which  seems  to  cause  the  rnsty  spots  near  the  anrface 
of  the  rod^;  a  few  scales  of  biotite  are  also  present;  this  gabbro 
is  represented  by  So.  147.  A  few  rods  fnrther  north  there  is  an 
irregalar  vein  of  granalyte  (No.  148)  in  the  gabbro;  the  vein  is 
eight  inches  wide;  one  of  the  specimens  collected  shows  both  the 
vein  rock  and  the  gabbro;  in  the  vein  rock  there  are  a  fen  scat- 
tered scales  of  biotite. 

Od  the  weet  side  of  the  larger  bay,  which  ia  in  the  N.  W.  k  of 
sec.  36,  there  is  a  perpendicalar  cliff  (5  to  15  feet  high)  of  gabbro 
(No.  14S)  that  is  coarser  grained  and  contains  considerable  oli- 
vine, bnt  some  of  this  yellow  color  may  be  dae  to  a  decayed  con- 
dition of  the  labradorite.  At  the  head  of  this  bay,  gabbro  eimi* 
lar  to  No.  149  occnrs. 

On  the  shore  in  the  S.  W  t  of  N.  E.  i  sec.  35  there  is  a  dark, 
heavy,  flae-grained  trap  rook  (No.  150)  which  gives  a  metallic 
ring  when  struck  by  the  hammer;  this  grades  into  No,  151  which 
is  coarser.  A  few  rods  back  from  the  shore  Nos.  162  and  163 
were  fonud  in  low  outcrops;  these  seem  to  be  but  different  con- 
ditions of  No.  160.  No.  162  contains  considerable  magnetite.  A 
little  further  north  on  the  shore  this  rock  contaiua  small  patehes 
of  biotite,  as  shown  by  Nos.  IM  and  155,  the  latter  being  a  de- 
cayed condition  of  the  former.  The«e  grade  into  No.  156  which, 
is  coarser.  On  the  shore,  a  few  steps  north  of  No.  166,  this  rock 
(trap)  is  foQDd  in  contact  with  the  gabbro  (N.  )  of  N.  E.  i  sec 
36);  the  line  of  contact  was  not  always  distinct  and  in  some 
placee,  as  near  as  conid  be  determined  from  the  smooth-weathered 
surface,  the  transition  from  one  rock  to  the  other  occupied  two 

•  Oolr  UwDorthihoreotthliUkeli  twn  dwcrlbed;  forlht  docrlpilaD  tif  t1i«  natoflhe 
lika,  MdalHotisMtof  th«  oouDtry  between  hsn  ud  Uk<  8iiparlor(lhli  Ukeand  the  t»a  foU 
lowlnc  being  the  anl;  oiwi  ban  nuoUoned),  coaauli  tha  rsport  of  Ur,  U.  V.  WlnohalL 
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or  three  inches.    Ko.  157  repreaeotB  the  trap  near  the  contact 
with  the  gabbro. 

The  rest  of  the  north  shore  of  the  lake  has  many  gabbro  ont- 
crops;  for  long  difitancee  there  are  smooth,  flat  esposuree  of 
gabbro  rising  bnt  a  few  inches  above  the  water  and  extending 
back  for  several  yards  from  the  shore.  Three  dikes  are  fonnd 
catting  the  gabbro.  The  first  is  in  the  N.  E.  1  of  N.  "E.  i  sec 
35;  this  dike  is  twenty  inches  wide  and  was  traced  for  over  sixty 
feet;  it  mas  X.  30°  W.  (Mag.);  the  rock  is  a  very  fine  diabase 
{'So.  158);  the  contact  with  the  gabbro  is  distinct.  This  dike 
occnrs  only  a  few  rods  north  of  the  contact  mentioned,  abont 
ten  lines  above.  The  second  dike  is  in  the  8.  W.  i  of  sec.  30,  T. 
62-7,  is  twenty  feet  wide,  and  could  be  traced  only  twenty-flve 
ftot,  as  the  water  covered  it  on  one  end  and  the  soil  on  the  other; 
the  rock  is  diabase  and  is  represented  by  ISo.  159,  which  was 
taken  from  the  centre  of  the  dike,  and  by  No.  160,  which  was 
taken  from  one  side  (only  one  side  of  the  dike  was  finely  crystal- 
line);  No.  160  appears  to  be  the  same  as  No.  158;  the  contact 
is  distinct.  The  third  dike  is  in  the  W.  }  of  sec.  31,  T.  62-7  and 
is  composed  of  a  fine  diabase  represented  by  No.  161;  this  dike 
is  fonrteen  inches  wide  and  can  be  traced  only  a  few  feet. 

BEXLISaiUA.  LAKE. 

This  lake  lies  in  the  soatheastern  oorner  of  T.  61-7.  Tbe 
north  shore  was  examined  by  the  writer.  Tbe  shore  is  osnally 
lined  with  bonlders,  most  of  which  are  large  gabbro  bonlders, 
the  others  are  smaller  and  apparently  come  from  the  drift;  some 
of  the  latter  are  probably  from  Cnpriferons  rocks.  Wherever 
the  rock  was  exposed  it  was  foand  to  be  very  coarse  labradorite 
gabbro,  as  shown  by  No.  162,  which  was  obtained  on  the  shore, 
abont  half  a  mile  east  of  the  west  end  of  the  lake.  The  north 
shore  was  tow  and  there  were  no  hills  near  the  lake.  No  glacial 
atrial  were  seen. 

PIKE  LAKE. 

This  lake  lies  in  the  S.  W.  1  of  sec  21  and  in  the  N.  W.  i  of 
sec  28,  T.  60-6. 

On  the  north  shore,  aboat  one-foarth  mile  east  of  the  portage 
from  lake  Harriet  (jnst  west  of  Pine  lake),  is  a  low  rock  oat- 
crop  at  the  water's  edge;  thisoatcrop  is  aboat  twenty  feet  square. 
The  rock  is  of  three  kinds;  (1)  a  gray  rock  (No.  163)  composed 
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maioly  of  a  gray  feldspar;  (2)  a  red  rock  (So.  164)  made-ap  of 
quartz  and  red  feldspar;  (3)  a  veryfiae  dark  trap  (So.  166) hold- 
ing cryetals  of  red  feldfipar.  So.  164A.  BhowB  a  darker  and  more 
BiliceooB  condition  of  So.  164.  Kos.  164  and  166  are  very  mnch 
mixed,  each  oootalning  pieces  of  the  other  (see  Nos.  164, 166, 165 
A,  and  166B).  So.  163  is  not  found  mixed  with  the  others,  bnt 
it  contains  a  few  small  pieces  of  a  dark  silioeons  rook  as  shown  by 
fTo.  163A.  No.  163B  is  lutermediate  between  No.  163  and  No. 
164.  The  dark  trap  much  resembles  some  of  the  trap  of  Uie 
Cupriferous;  it  is  split  by  nnmeroos  parallel  planes  that  are  ver- 
tical and  ran  S.  6°  W.  (Mag.);  these  are  shown  by  the  speci- 
mens. 

A  diabasic  rock  (So.  166)  outcrops  on  the  east  shore  near  the 
soothern  end  of  the  lake;  it  holds  a  few  scattering  crystals  of 
feldspar  which  are  sometimes  nearly  an  inch  long.  This  outcrop 
and  the  one  mentioned  above  are  the  only  two  outcrops  on  the 
north  and  east  shores  of  the  lake. 

Mr.  H.  "V.  Winchell  reports  several  outcrops  of  fine  diabase  on 
the  west  shore  of  the  lake;  Noa.  167.  16S,  and  169  represent  this; 
they  seem  to  differ  only  in  fineness,  and  all  of  them  are  much 
finer  than  that  from  the  east  shore. 

The  notes  from  Mayhew  to  Flying  CHoud  lake  (inclusive)  were 
taken  on  a  trip  from  Onnflint  lake  south  to  BraU  lake  and'then 
north  and  west  throngh  townships  S3-4, 64-4, 65-4, 66-5,  and  65-6 
to  Ogishke-Muncie  lake.  The  object  of  this  trip  was  to  examine 
reported  iron  ore  locations,  most  of  which  were  not  found  as  re- 
ported,—  there  uaaally  being  no  ore  to  be  seen.  The  country 
passed  over  is  one  not  osnally  traveled  by  white  men  and  is 
seldom  nsed  by  Indians  except  in  winter;  consequently  the 
portages  are  very  poor  and  badly  cnt,  it  oftentimes  being  neces- 
sary to  go  ahead  and  recut  a  portage  before  the  canoe  could  be 
taken  across.  -This  iact,  together  with  the  fiict  that  the  township 
plate  were  very  inaccurate,  caosed  much  unavoidable  delay  and 
waste  of  time.  There  are,  however,  some  foir  portages;  those 
from  Oaskanas  lake  to  Brul€  lake  aro  quite  good,  and  the  por- 
tages from  lake  Ida  Belle  north  to  the  lake  in  the  3.  W.  i  of 
sec.  35,  T.  66-4  are  wide  and  well  cut  out,  being  used  as  winter 
roads  by  the  Indians. 

Several  of  the  lakes  on  this  trip  were  given  names,  as  they 
have  none  on  the  township  plats  nor  on  any  of  the  maps  acces- 
sible. It  must  be  admitted  that  this  is  rather  a  bad  principle  to 
follow,  the  right  way  being  to  give  them  the  names  by  which 
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Utey  are  kaovii  to  the  native  Indiana  or,  better  still,  to  give  the 
EoKllsh  eqairalente  of  the  Indian  namee;  bnt,  aa  the  Indian 
names  vere  not  obtained,  it  wasthonght  best  to  have  some  name 
by  whiofa  each  lake  could  be  knomi.  The  lakes  thus  named  are 
Straight,  Meed's,  Straj,  Sham,  Itoat,  Geoi^a,  Sarreyor's, 
Foand,  Ida  Belle,  Narrow,  Bound,  and  Draper  lakes. 

HATHBW  LAKE. 

Mayhev  lake  is  a  narrow  strip  of  water,  aboat  one-fourth  of  a 
mile  wide  and  a  mile  long,  extending  east  and  west  throi^li  the 
Boath  half  of  sea.  36,  T.  65-3.  It  is  305  feet  above  Gnnflist  lake. 
A  roogh,  steep  portage  rans  from  Loon  lake  to  Maybew  lake. 

The  ordinary  labradorite  f^bbro  (No.  175)  is  seen  on  the 
SODth  shore  in  S.  W.  (  of  &  E.  1  sec.  36.  On  the  end  of  the  little 
point,  which  is  in  the  8.  E.  ^  of  S.  K  1  sec  36,  the  gabbro  (No. 
176)  has  changed  somewhat,  and  on  the  sonth  aide  of  this  point 
it  snrronnds  a  large  mass  of  iron  ore.  This  ore  (No.  177)  seems 
to  be  principally  magnetite,  with  a  little  scattering  feldspar,  but, 
as  it  is  in  the  gabbro,  it  very  probably  eontains  a  considerable 
amoant  of  tttaoiam.  The  exposure  of  ore  was  30  feet  wide  and 
extended  for  abont  300  feet  along  the  shore,  rising  15  feet  abore 
the  water.  The  contact  between  the  ore  and  gabbro  was  found 
at  one  place;  here  the  gabbro  does  not  pass  into  the  iron  ore  by 
gradually  acquiring  more  magnetite,  but  there  is  a  sharp  and 
distinct  line  between  the  two. 

There  is  a  trail,  on  the  town  line,  running  sonth  trom  the  lake; 
this  trail  was  followed  nearly  three-quarters  of  a  mile,  and  sev- 
eral gabbro  ridges,  miming  east  and  west,  were  crossed;  the 
gabbro  is  mnch  decayed  and  is  nearly  half  made  up  of  magnetite 
(No.  178).  From  the  town  comer  (T.  65-2,  «5-3,  6^2,  and  64-3) 
a  trail  runs  west  along  the  line  between  townships  Qi  and  63. 
Abont  a  quarter  of  a  mite  west  of  the  corner,  and  just  south  of 
the  Une,  there  is  a  small  lake;  here  were  seen  many  fresh  beaver 
gaawingB.  Oabbro  was  the  only  rock  seen  on  this  trail  (it  was 
followed  no  further  than  the  small  lake  mentioned  above). 

TSOS  LAKE. 

This  lake  is  a  narrow  body  of  water  extending  through  the 
south  half  of  sees.  31, 32,  and  33  of  T.  65-2.    It  Is  the  same  hight 
as  Mayhew  lake,  and  the  two  are  connected  by  a  narrow  strip  of 
water,  60  or  more  feet  in  width. 
Vol  in. —32. 
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The  point,  vhioh  is  croBsed  by  the  line  between  sees,  hi  and 
32,  also  the  nortli  shore  of  the  laJte  in  the  eonth  half  of  see  32, 
were  examined  in  order  to  see  the  iron  ore  at  these  places.  (This 
lake  was  described  in  the  tenth  annual  report,  page  80.)  The 
point  was  crossed  twice  west  of  (he  section  line  and  once  east  of 
it,  but  no  ore  was  fonnd  except  a  seam  of  magnetite  (containing 
a  little  feldspar)  eight  inches  wide  and  twelve  feet  long,  and  a 
few  small  masses  (No.  179)  of  the  same  in  the  gabbro.  A  low 
ridge  of  gabbro  rnns  along  the  Hontbem  shore  of  this  point,  and 
in  this  ridge  the  magnetite  was  fonad.  The  gabbro  is,  in  places, 
quite  rich  Id  magnetite;  this  is  shown  by  No.  180,  which  was  taken 
near  the  section  line.  Four  sections  of  a  quarter  of  a  mile  each 
were  made  north  of  the  lake  in  sec.  32,  but  no  ore  was  found. 
The  rock  was  all  gabbro,  and  none  of  it  contained  as  much  iron 
as  No.  180.  The  shores  of  Iron  lake  are  usually  lined  with 
gabbro.  ' 

POBTAGB  LAKE. 

Port^^e  lake  is  mostly  in  the  north  half  of  sec.  4,  T.  64-2,  but 
an  arm  extends  east  for  half  a  mile  in  sec.  5,  and  the  line 
between  T.  64  and  65  crosses  the  northern  part  of  the  lake,  mak- 
ing a  small  portion  of  it  in  see.  33,  T.  65-2.  It  is  26  feet  above 
Iron  and  Mayhew  lakes. 

In  the  8.  E.  \  of  N.  W.  i  sec  4,  on  the  shore,  is  an  exposure 
of  a  fine  "muscovado"  (No.  181);  one  of  the  specimens  collected 
shows  a  porphyritic  crystal  which  is  probably  labradorite.  The 
relation  of  this  rock  to  the  gabbro  could  not  be  found  at  this 
plaoe.  On  the  soath  shore,  in  the  N.  E.  i  of  N.  E.  1  sec  4, 
there  is  an  exposure  where  the  gabbro  and  "muscovado"  were 
foaad  together.  The  former  held  several  lante  masses  of  the 
latter  rock  that  looked  like  dikes,  but  they  could  not  be  traced 
far  enough  to  determine  that  tbey  were  dikes.  There  was  one 
lenticular  piece  of  "muscovado"  (16  inches  long)  in  the  gabbro, 
and  in  places  the  gabbro  held  pieces  of  the  other  rocks  in  which 
were  small  bits  of  the  gabbro.  The  bottom  of  the  exposure  was 
entirely  of  gabbro.  It  eould  not  be  positively  ascertained  which 
was  the  older  of  the  two  rocks,  but  the  "mnsoovado"  seems  to 
have  broken  np  through  the  gabbro. 

On  the  south  shore,  in  the  N.  W.  i  of  N.  W.  i  sec.  3,  the 
gabbro  is  in  distinct  beds  from  two  to  eight  inches  thick  and 
dipping  south  about  30°.  This  bedded  structure,  dipping  in 
the  same  direction  and  at.  about  the  same  angle,  was  ootioed 
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seTeral  times,  bnt  at  no  other  place  vere  the  beda  as  thin  and  as 
distinct  as  here.  The  gabbro  was  seen  at  several  other  places 
on  the  sonth  shore  of  the  lake. 

FOFI.AA  LAKE. 

This  lake  lies  mostly  in  sees.  1  and  12  of  T.  64r-2  and  sees.  7 
and  8  of  T.  64-1;  a  small  portion  is  in  sec.  6,  T.  61-1,  and  a 
narrow  bay  extends  into  the  S.  E.  i  of  sec.  2,  T.  61-2.  It  is  20 
feet  below  Portage  take.  A  portage  leads  from  the  east  arm  of 
Portage  lake  to  the  extreme  northwestern  point  of  Poplar  lake; 
the  trail  is  rather.plain  at  the  western  end,  bat  at  the  other  end 
there  is  almost  no  trail  at  all.  No  one  seems  to  have  been  over 
the  portage  for  two  or  three  years.  No  portage  could  be  fonnd 
leading  to  Duck  lake  (a  small  lake  in  the  eastern  part  of  see.  3, 
T.  64-2)  mentioned  by  Tf,  H.  "Winchell  in  the  tenth  annual 
report,  page  79. 

Gabbro  was  seen  in  several  places  on  the  portage  from  Portage 
lake.  Oq  the  little  point  in  the  S".  "W.  i  of  N.  E.  i  of  N.  W.  t 
see.  12,  T.  64-2,  the  gabbro  is  finer  than  is  osnally  foaad.  At 
this  place  it  varied  from  No.  182  to  No.  183;  the  former  shows  a 
gneissic  arrangement  of  the  minerals,  bnt  this  is  not  constant. 
On  the  shore  in  the  8.  B.  i  of  N.  B.  J  sec  12  the  gabbro  (No. 
184)  has  the  labradorite  collected  together  in  spots,  bat  this 
eoon  grades  into  the  ordinary  gabbro. 

BTfiAIQHT  LAXE. 

This  is  a  small,  narrow  lake,  half  a  mile  long  and  100  yards 
wide,  extending  northwest  and  south  east  in  the  S.  W.  i  of  sec 
7,  and  the  N.  W.  i  of  sec  18,  T.  64^1.  It  is  25  feet  below  Pop- 
lar lake  and  is  not  shown  on  the  township  plat.  The  portage 
starts  from  Poplar  lake  on  the  range  line  and  runs  a  little  east 
of  south;  it  ia  about  one-fourth  mile  long.  Gabbro  was  seen  on 
the  portage. 

CARIBOU  LAKE. 

Cariboo  lake  is  in  sec  18,  T.  6^1  and  sec.  13,  T.  64-2.  It  ia 
ten  feet  below  Straight  lake.  The  portage  from  the  latter  lake 
is  a  Quarter  of  a  mile  long.  Gabbro  occurs  on  Cariboalakeatthe 
portage  and  was  also  noticed  in  several  places  along  the  north 
shore.  There  is  a  claim  cabin  in  the  S.  W.  ^  of  N.  £.  i  sec  13, 
T.  64-2,  probably  built  within  the  last  year,  and  from  this  cabin 
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a  liae  ran  north  for  oae-foorth  mile;  no  rook  vas  foaod  excepfc 
some  gabbro  at  tbe  north  end  of  this  line.  The  sonth  and  vest 
shores  and  some  of  the  islands  of  this  lake  have  not  been  barnt, 
bnt  all  the  ooantry  passed  throngh  since  leaving  Loon  lake  was 
bnrnt  a  nnmber  of  years  ago  and  is  nov  covered  with  a  not  very 
dense  growth  of  poplars  and  birches,  nsnally  not  more  than  25 
feet  high. 

meed's  lake. 

Meed's  lake  is  leas  than  half  a  mile  wide,  and  extends  throngh 
the  northern  part  of  sees.  14  and  16  into  sees.  13  and  16  of  T. 
64r-%  It  is  10  feet  above  Garibon  lake.  The  timtier  along  the 
shores  is  very  dense,  composed  mostly  of  spmce,  and  extends 
down  to  the  water's  edge.  No  portf^  oonld  be  fonnd  from  Carl* 
l>on  lake  to  this  lake,  so  it  was  neoessary  to  portage  ap  the  creek 
bed  (S.  E.  t  of  N.  W.  i  sec  13,  T.  64-2)  for  100  yards,  where  the 
creek  widens  into  a  pond,  and  from  the  west  end  of  this  pond 
200  yards  more  to  Meed's  lake.  There  is  do  high  land  to  be  seen 
from  this  lake  except  a  hill,  90  feet  above  the  water,  in  the  S*. 
E.  iofN.  W.  *sec  15. 

On  the  geological  map  in  the  fifteenth  annnal  report  iron  ore 
is  marked  all  along  the  north  shore  of  this  lake,  bnt,  after  care- 
fhl  search,  none  was  foand.  The  north  shore  of  the  lake  was 
examined  and  no  rock  was  seen  except  several  ontcrops  of  gab- 
bro. Several  tripe  were  made  north  from  the  shore,  as  follows: 
(1)  One-fourth  mile  north,  a  little  west  of  the  centre  of  eeo.  15; 
a  hill  of  gabbro  (No.  186),  mentioned  above,  was  the  only  rock 
fonnd.  (2)  Mr.  Meeds  went  more  than  half  a  mile  north  aboat 
one-fonrth  mile  west  of  the  line  between  sees.  14  and  15;  he 
reported  several  ontcrops  of  gabbro.  (3)  One-half  mile  north 
from  the  little  bay  which  extends  into  the  8.  W.  J  of  S-W.  1  sec  11; 
no  rock  fonnd  in  place  except  a  little  gabbro  at  the  shore.  (4) 
From  the  east  side  of  this  little  bay  vhere  the  line  between  sees. 
11  and  14  crosses  the  shore,  northeast  one-third  mile,  and  then 
sonth  to  the  lake  shore.  Several  low  ridges  of  gabbro,  running 
east  and  west,  were  crossed.  On  the  way  sonth  to  the  lake  a 
small  exposure  of  almost  flat-lying  (dipping  8.  4°),  bedded  rock 
was  found.  This  exposare  was  not  more  than  six  feet  across; 
the  rock  is  similar  to  some  of  the  Animike  beds  of  Gnnflint  lake 
and  vicinity.  One  specimen  (No.  186)  was  oollected;  this  has  a 
fitmcture  somewhat  resembling  oolite;  pieces  of  this  are  quite 
common  on  the  beaches  of  Gnnflint  lake.    The  rock  is  nudonbt- 
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«dly  Animike,  bat  I  vm  aoable  to  determine  whether  it  waa  in 
place.  Search  vas  made  for  more  of  this  rock,  bat  none  was 
foond. 

NOETH  BEULE  LAKE. 

There  is  a  portage  starting  from  Caribou  lake  a  little  vest  of 
the  line  betireen  ranges  1  and  2  and  running  Bonth  a  qaarter  at 
a  mile  to  the  northwestern  arm  of  North  Bml€  lake.  NorUt 
Bmlg  lake  is  a  very  irregular  body  of  water  lying  in  sees.  19, 
20  and  29  of  T.  64-1  and  sec  24  of  T.  64-2.  It  is  20  feet  below 
Caribon  lake.  Only  that  part  of  the  northwestern  arm  lying  in 
the  X.  E.  i  of  sec  24,  T.  64-2,  was  examined;  here  gabbro  was 
tteen  in  two  oatorops.  The  shore  has  not  been  barnfc  and  is  cov- 
ered mostly  by  spmce  and  cedar. 

HTBAT  Li.£E. 

This  lake  is  long  and  narrow;  it  lies  in  the  north  half  of  sec 
24,  T.  64-2  and  extends  nearly  half  a  mile  into  sec.  23.  It  is  30 
feet  above  North  Bral£  lake  The  portage  leading  from  the  last 
lake  to  Stray  lake  starts  almost  directly  sonth  of  the  one  from 
Oariboa  lake.  Gabbro  was  seen  on  this  portage  and  also  along 
the  stream  that  flows  from  Stray  lake  to  Korth  Brnl^  lake. 

GASKANAB  LAKE.* 

This  lake  is  nearly  three  miles  long,  and  not  more  than  half  a 
mile  in  width.  It  liee  in  sees.  22,  23,  24,  25,  26,  and  27  of  T. 
64-2,  and  is  16  feet  above  Stray  lake.  We  conld  find  no  portage 
leading  sonth  from  Stray  lake  and  so  cot  one  to  the  pond  which 
is  in  the  S.  W.  i  of  sec  24.  From  this  pond  an  old  and  poorly- 
cnt  portage  leads  to  Oaskaoas  lake.  Oabbro  was  seen  at  each 
end  of  the  last  portage,  also  on  the  east  side  of  the  little  bay  in 
the  S.  E.  i  of  K.  W.  i  sec  26.  This  lake  is  a  very  pretty  little 
sheet  of  water  and  iq  dotted  with  many  green  islands.  The 
shores  are  densely  wooded  and  along  the  south  shore,  especially 
1q  sec.  26  where  there  are  two  claim  cabins,  there  is  considerable 
good  white  pine. 
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WraOHBLL  LAKE.* 

Wincbell  lake  is  a  loug,  narrow  body  of  water,  over  &ve  miles 
in  length  and  leea  than  half  a  mile  in  width,  extending  east  and 
west  in  Uie  sonthem  part  of  T.  64-2  and  ranaing  half  s  mile 
into  T.  64-3.  It  is  30  feet  above  Oaskanas  lake.  The  portage 
^rom  Gfiskanaa  lake  (this  starts  from  the  bay  in  8.  E.  i  of  N.  W. 
i  sea  26)  is  very  good, — the  first  good  one  seen  since  leaving 
Gaoflint  lake.  The  water  of  Winchell  lake  is  deep  and  very 
dear;  the  shores  are  well  covered  with  timber  which  is  composed 
mostly  of  spruce  and  birch  with  some  scattering  white  pine. 
The  Grand  Marais  Indians  call  this  Mountain  lake,  probably 
because  of  the  high  ridge  that  extends  along  the  south  shore. 

Gabbro  occurs  in  place  at  the  portage  in  the  K.  K  }  of  S.  W I 
sec.  26,  T.  64-2,  and  there  are  outcrops  of  rook  (apparently 
gabbro)  all  along  the  north  shore,  but  only  one  of  these  was 
visited;  here  (8.  E.  }  of  S.  E.  1  sec.  29)  the  gabbro  (No.  187)  is 
like  the  ordinary  labradorite  gabbro  found  further  north,  but  is 
a  little  finer.  We  followed  along  the  south  shore  of  the  lake, 
but  no  rock  ontcrops  were  seen  until  we  came  to  the  point  which 
is  crossed  by  the  line  between  sees.  31  and  32,  T.  64-2;  here  a 
high  ridge,  which  extends  all  along  the  south  shore  of  the  lake 
and  rises  60  to  100  feet  above  the  water,  comes  to  the  shore  and 
forms  a  precipitous  cliff  nearly  100  feet  high.  This  cliff  is  com- 
posed of  gabbro  (So.  188)  which  differs  from  the  ordinary  gabbro 
in  that  it  contains  a  considerable  amount  of  a  whitish  feldspar 
mixed  with  the  labradorite.  The  gabbro  extends  along  the 
shore  for  a  quarter  of  a  mile  west  of  this  point. 

In  Uie  N.  W.  i  of  N.  W.  i  sec.  31,  T.  64-2,  the  above  men- 
tioned ridge  is  cut  by  a  small  stream  Sowing  from  Sham  lake, 
which  is  just  south  of  Winchell  lake.  Just  eaat  of  this  stream  is 
a  blnff  rising  80  feet  above  the  water.  The  rock  at  the  foot  of 
the  bluff  is  cover^  by  large  angular  masses  of  rock  that  have 
fellen  down  from  higher  up.  The  first  rock  seen  in  situ  is  almost 
20  feet  above  the  water  level;  it  is  gabbro  (So.  189)  that  is  like 
the  ordinary  labradorite  gabbro,  except  that  it  la  more  compact 
and  contains  a  little  light-colored  feldspar.  Twenty  feet  higher 
up  the  gabbro  is  represented  by  No.  190;  this  is  similar  to  No. 
189,  but  has  more  of  the  light-colored  (pinkish)  feldspar.  This 
feldspar  increased  until,  ten  feet  above  No.  190,  the  rock  was 
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largely  composed  of  it.  Tbis  rock  (So.  191)  has  a  red  color  and 
seems  to  be  the  gabbro  changed  by  heat;  this  conld  not  have 
been  done  by  forest  fires  as  none  have  passed  over  the  shora 
The  feldspar  crystals  vary  all  the  v&y  from  the  dark  (almost 
bla«k)  labradorite  throngh  white  to  a  decided  red.  This  rock  is 
about  BB  coarse  and,  with  the  exception  of  color,  has  the  same 
appearance  as  the  ordinary  gabbro.  None  of  the  specimens 
above  mentioned  contain  any  qnartz.  Two  feet  above  No.  191 
the  rock  is  very  dark  and  tough,  being  composed  mostly  of  a 
black  mineral  probably  hornblende,  which  is  not  always  in 
definite  crystals;  this  gives  the  rock  (ITos.  192  and  193)  the 
appearance  of  having  a  dark  compact  ground  mass  in  which  are 
scattered  blotches  of  pinkish  feldspar;  in  these  feldspar  blotches 
tiiere  are  numerous  small  quartz  grains.  A  little  higher  up 
ocoarred  a  fine  pinkish  gray  syenite  (^o.  194).  No.  195  was 
taken  just  above  this  and  Ko.  196  from  the  top  of  the  bluff.  The 
latter  is  coarser  and  is  a  distinct  syenite.  On  examining  the 
bluff  at  another  place  the  syenite  was  found  at  the  top  and  the 
gabbro  near  the  bottom.  Among  the  angular  pieces  at  the  foot 
of  the  bluff  one  (No.  197j  was  found  which  seems  to  be  inter- 
mediate between  the  highest  gabbro  (No.  191)  and  the  syenite; 
it  resembles  No.  191  and,  like  it,  has  labradorite  (t)  crystals, 
bnt  it  a\ao  ooutains  numerous  qnartz  grains  while  No.  191  has 
none.  On  the  north  end  of  the  portage  to  Sham  lake  the  rock  is 
a  condition  of  the  gabbro, —  No.  198. 

The  above  mentioned  bluff  shows  an  apparent  transition  from 
the  gabbro  at  the  bottom  (No.  189)  to  the  syenite  at  the  top  (No. 
196),  the  ayeaite  lying  on  the  ff<M>n>.  The  change  is  gradual,  and 
rapid  at  only  one  place — between  No.  191  and  No.  192;  here  the 
transition  occurs  within  two  feet;  the  quartz  in  No.  192  is  in  such 
'small  grains  that  it  was  not  noticed  in  the  field,  so  the  exact 
plaee  where  the  quartz  first  appears  was  not  determined;  how- 
ever, there  is  no  distinct  contact  line  between  these  two  rocks, 
but  the  change  iVom  one  to  the  other  is  quite  sudden.  It 
seems  that  the  syenite  is  of  igneous  origin  and  has  fiowed  oat  over 
the  gabbro,  the  gabbro  being  changed  somewht^  by  molten  rock 
above  it.  No.  191  represents  the  changed  state  of  the  gabbro 
and  No.  192  is  the  first,  or  lowest.,  part  of  the  syenite;  at  any 
rate  the  change  occurs  between  these  two, —  the  distinct  labra- 
dorite crystals  disappearing  and  the  quartz  coming  in. 
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SHAH   LAKE. 

This  is  a  small  lake,  less  than  a  mile  long,  on  the  line  between 
sec.  31,  T.  64-2  and  sec  36,  T.  64-3.  It  is  16  feet  above  Win- 
chell  lake  and  is  connected  with  it  by  a  small  stream  which  is  a 
short  diatance  east  of  the  range  line.  The  port^e  between  the 
two  lakes  is  less  than  one-eighth  of  a  mile  in  length.  Sham  lake 
has  no  long  arm  extending  west  throngh  sec  36,  as  is  shown  on 
the  township  plat. 

The  rock  at  the  south  end  of  the  portage  is  represented  by  No. 
199;  this  is  similar  to  No.  192  except  that  the  hornblende  is  in 
distinct  crystals  and  the  qnarbz  is  not  very  plentifnl.  On  the 
east  side  of  the  lake,  in  the  8.  W.  i  of  N.  W.  i  sec  31,  a  fine  red 
syenite  (No.  200)occur8;it  is  composed  ofa  red  feldspar  and  bora- 
blende,  the  feldspar  making  np  aboat  two-thirds  of  the  rock;  no 
qaartz  can  be  seen  with  a  hand  lens,  bat  it  probably  contains 
some.  The  rock  is  probably  the  same  as  the  fine  red  syenite  or 
*'red  rock"  found  by  Pro£  N.  H.  Winchell  both  east  and  west  of 
this  ptaoe.  Near  the  southwest  corner  of  the  lake,  in  8.  E.  I 
of  3.  E.  i  sec  36,  there  is  a  low  outcrop  of  a  rock  (No.  201), 
apparently  part  of  the  transitioa  from  gabbro  to  ^enite;  it 
resembles  Nds.  192  and  193  from  Winohell  lake. 

LOST  LAKE. 

From  the  south  end  of  Sham  lake  there  is  a  portage  mnnlog 
S.  S.  W.  for  about  a  mile  to  Lost  lake.  This  lake  is  not  given 
on  the  township  plat,  and  as  near  as  could  be  determined  it  lies 
in  the  S.  i  of  sec  1  and  the  N.  i  of  sec  12,  T.  63-3.  It  is  aboat 
half  a  mile  long  (N.  and  S.)  and  a  quarter  of  a  mile  wide.  The 
shoree  are  well  wooded  and  have  considerable  good  white  pine. 
This  lake  is  30  feet  above  Sham  lake.  ■ 

On  the  portage  from  Sham  lake  the  fine  red  syenite,  same  as 
No.  200,  occurs  in  several  places  just  east  of  the  trail.  On  the 
west  side  of  the  lake,  in  S.  K  1  of  3.  W.  i  sec  1,  there  is  a  high 
bluff  of  this  same  syenite ;  and  many  angular  pieces  have  fallen 
down  making  a  lai^e  talus;  at  this  place  the  rock  is  represented 
by  No.  202,  which  is  of  a  brick-red  color  and  contains  even  less 
hornblende  than  No.  200. 

bbule  lake. 

From  Lost  lake  there  is  a  portage  of  a  quarter  of  a  mile  run- 
ning 9.  8.-W.  to  a  small  lake,  not  shown  on  the  township  plat, 
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in  the  W.  i  of  sec.  12,  T.  63-3.  This  smaU  lafee  is  about  a 
qoarter  of  a  mile  ia  leogtb.  From  its  soathern  ead  a  portage  of 
lees  than  a  quarter  of  a  mile  leads  tM>  the  bay  of  Bral£  lake  that 
extends  into  the  S,  W.  i  of  sec  1^,  T.  63-3. 

Bral£  lake  is  the  lai^est  lake  Been  since  leaving  tianflint  lake, 
— in  fact  it  is  the  largest  lake  in  Mi  aneaota  soath  of  the  boandary 
and  east  of  range  9.  It  is  seven  miles  long,  the  average  vidUi 
beii^  a  mile,  and  extends  throngh  the  central  part  of  T.  63-3 
and  a  mile  and  a  half  into  the  western  part  of  T.  63-2  (that  por- 
tion of  the  lake  in  this  township  was  not  visited).  The  north 
and  vest  shores  have  not  been  burnt;  here  is  some  good  white 
pine.  The  sonthera  shore  was  burnt  some  years  ago  and  is  now 
covered  with  a  second  growth  of  birches.  There  is  a  claim  cabin 
on  the  point  in  the  K.  E.  i  of  K*.  W-  ^  sec.  13,  and  from  a  Grand 
MarftiB  Indian,  we  learned  that  there  were  several  more  abont  the 
lake.  Bral€  lake  is  76  feet  below  Lost  lake.  The  water  is  cle 
and  deep. 

In  the  S.  B.  1  of  S.  W.  k  seo.  12,  at  the  water's  edge,  there  is 
a  low  ezposnre  of  a  dark  silioeoos  trap  rock  (So.  203),  which 
appears  to  be  perfectly  homogeneons  nader  the  hand  lens.  This 
rock  contains  a  few  small  crystals  of  iron  pyrites.  Ko  bedding 
stractare  conld  be  seen  bnt  there  were  many  small  joints  ontting 
the  rock;  in  one  place  these  were  parallel  and  dipped  south 
about  20°.  A  little  farther  sonth  along  the  east  shore  of  this  bay 
(the  bay  in  the  S.  W.  i  of  sec  12)  is  an  outcrop  of  a  rook  (No. 
201)  composed  almost  entirely  of  plagioolase  feldspar  crystals  of 
all  sizes  up  to  half  an  inch  in  length;  these  crystals  seem  to  be 
imbedded  in  a  dark,  finely  crystalline  matrix,  bat  this  is  a  very 
small  part  of  the  rock. 

On  the  point  in  the  S.  B.  i  of  N.  B.  i  of  N.  W.  i  sec  13  the 
rook  at  the  water's  edge  is  a  white  feldspar  porphyry  (JSo.  205); 
the  feldspar  crystals  run  np  to  those  aninch  in  length;  the  matrix 
is  dark  and  finely  crystalline;  it  makes  up  about  one-half  of  the 
rock.  No.  201  is  probably  a  condition  of  this  porphyry.  Ten 
feet  above  No,  205  and  30  feet  b^k  from  the  shore  there  is 
another  feldspar  porphyry  (No.  206);  this  seems  to  be  different 
from  No.  206,  as  the  matrix  is  much  finer,  darker  and  apparently 
more  silioeoaa,  and  the  feldspar  crystals,  instead  of  being  white, 
are  of  a  dull  reddish-brown  color;  the  matrix  comprises  about 
three>foarths  of  the  rook;  the  feld^pir  crystals  weather  white. 
The  rook  between  these  two  porphyries  is  covered  by  soil. 
VoL  in— 33. 
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A  few  yards  soath  of  Ko.  206  is  a  small  exposure  of  a  brick- 
red  rock  (So.  207)  vhioh  is  oompoeed  of  a  reddish,  homogeneoa» 
and  Blliceons  ground-mass,  in  vhioh  are  small  orystalfi  of  a  brick- 
red  feldspar,  a  dark  mineral  (probably  hombleode)  and  quartz. 
This  rock  might  be  called  a  quartz  porphyry  and  is  eDlirely 
differeDt  from  any  of  the  others  on  this  point.  It  is  oat  by  many- 
parallel  planes  (Bhovn  in  the  specimen)  Thich  are  vertical  and 
ran  east  and  vest.  On  the  north  side  of  this  eicposore  the  red 
rock  is  in  contact  vith  a  fine  diabase  (No.  208);  the  contact  line 
is  distinct  bat  was  exposed  for  only  a  few  inches;  vhere  seen  it- 
iras  vertical  and  ran  east  and  vest.  Xear  the  contact  l^e  groand- 
massof  No-207  becomes  darker  and  more  silioeoas;  this  is  shown 
by  No.  207  A. 

Where  the  line  between  sees.  13  and  14  strikes  the  north  shore 
the  rock  is  similar  to  No.  204.  This  same  rock  occurs  on  the 
point  in  the  N.  W.  i  of  N.  JEl  1  sec  14  and  also  on  the  small 
Island  j  net  soath  of  this  point.  The  shore  was  not  examined 
again  until  reaching  the  large  island  in  the  centre  of  sea  17;  nO' 
outcrops  were  seen  along  the  sonth  shore  of  this  island.  On  a 
small  island  in  the  S.  E.  (  of  S.  B,  (  sec.  18  t^ere  is  a  dark,  dia- 
base-like rock  inclined  to  be  amygdaloidal  (No.  209);  this  is 
qnite  finely  crystalline  and  indinee  to  a  dark  pnrple  color.  In 
plaoee  in  this  rook  there  are  small  blotches  of  a  reddish  feldspar; 
the  centre  of  each  blotch  is  composed  of  a  dark  mineral,  proba- 
bly  hornblende.  IliiB  rock  also  occurs  near  the  west  end  of  the 
island  that  is  eat  by  the  line  between  sees.  17  and  18,  and  on  the 
east  end  of  the  portage  towards  Oeoi^a  lake. 

It  is  to  be  regretted  that  we  were  unable  to  more  carefully 
examine  the  relations  of  the  rocks  from  the  south  shore  of  Wio' 
chell  lake,  to  and  through  Bral€  lake,  but  our  provisions  would. 
not  warrant  a  longer  stay. 

LAKE  &BOB&IA. 

This  lake  li€S  in  the  W.  i  of  sec.  18,  T.  63-3,  and  see.  13,  T. 
63-4,  and  small  bays  run  into  sees.  14  and  24.  It  is  6  feet  below 
BmU  lake.  The  shores  have  been  bnrnt  and  are  now  covered 
witii  small  birchee  and  poplars.  A  stream  flows  from  Bml6- 
lake  to  lake  Georgia  and  the  portage  between  the  two  lakes  is  in 
the  S.  W.  ^  of  sec.  18;  it  is  only  200  feet,  and  not  a  qaarter  of  a 
mile,  as  shown  on  the  plat.  Lake  Georgia  has  no  arm  extending 
into  sec  12,  T.  63-4,  as  is  shown  on  the  government  plat. 
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In  the  Dortb  brtuioh  of  the  arm  that  extends  into  the  S.  W.  \ 
of  sec.  18,  a  short  distance  vest  of  the  portage  from  Bnile  lake, 
there  is  a  rock  (So.  210)  vhioh  appears  to  be  a  condition  of  the 
gabbro.  A  little  west  of  this,  and  on  the  north  shore  of  this 
arm,  is  an  ontorop  of  a  feldspar  porphyry  (No.  211);  this  seems 
to  be  somewhat  similar  to  No.  206j  the  feldspar  crystals  are  red- 
dish, bnt  rather  scattered — probably  making  ap  not  more  than 
one-tenth  of  the  rock.  On  the  north  shore  of  the  lake  in  the  TS. 
E.  i  of  S.  W.  i  see.  13,  T.  63-4,  there  is  a  trap  rook  (No.  212); 
which  is  in  contact  vith  the  gabbro,  here  represented  by  No.  213; 
the  two  specimens  were  taken  within  three  feet  of  each  other; 
the  contact  line  was  covered  by  soil.  No.  212A  shows  the  trap 
fdrther  from  the  contact;  it  is  mnch  coarser  than  No.  212.  Gab- 
bro also  occurs  where  the  line  between  sees.  13  and  14,  T.  63-1 
toaches  the  northern  shore  of  the  lake. 

BUBTE70B'8  LAKE. 

This  lake  is  in  see.  12.  T.  63-4.  It  is  shown  on  the  township 
plat  as  an  arm  of  lake  Geoi^a,  bat  there  is  no  connection  between 
the  two  except  a  small  stream  flowing  from  Sarveyor's  lake;  the 
portage  between  these  lakes  is  in  the  N.  E.  i  of  sec.  13  and  is 
over  an  eighth  of  a  mile  long.  The  aneroid  shows  no  difference 
in  hight  between  the  two  lakes,  bat  Surveyor's  lake  is  a  little 
higher  than  the  other.  North  and  east  of  this  lake  are  hills  60 
to  100  feet  high. 

In  the  S.  W.  t  of  sec.  12  there  is  a  deep  bay  running  west  for 
nearly  half  a  mile.  At  the  end  of  this  bay  on  the  portage  going 
vest  to  Foand  lake  is  a  fine  red  syenite  (No.  214),similar  to  Kos. 
200  and  202.  There  is  a  ridge  extending  along  the  north  side  of 
this  bay;  the  red  rock  (syenite)  in  the  ridge  can  be  seen  from 
the  lake. 

FOUND   I^AICE. 

Found  lake  is  in  the  S.  }  of  sec.  11,  T.  63-4.  It  is  a  small  lake, 
lees  than  half  a  mile  long  (east  and  west)  and  is  not  shown  on  the 
township  plat.  The  shores  have  been  bnrnt  and  are  now  oovered 
with  a  second  growth  of  birch  and  poplar.  This  lake  is  the 
same  bight  as  Surveyor's  lake. 

The  fine  red  syenite,  slmiliar  to  No.  214,  occars  in  several 
places  on  the  portage  from  Surveyor's  lake.  On  the  north  side 
of  the  lake  is  a  hill,  60  feet  above  the  water,  composed  of  a  dia- 
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tMtBe  (No.  215).  Oq  each  side  of  thiB  hilt  the  red  syenite  oooars, 
thus  making  it  seem  as  if  the  diabase  had  imt  through  the  syen- 
ite; the  tvo  rocks  vere  not  seen  in  contact.  The  north  shore  of 
the  lake  is  mostly  made  np  of  the  fine  red  syenite.  In  one  place 
this  syenite  held  angnlar  pieces  (none  were  seen  over  three 
inches  in  diameter)  of  a  fine  dark  rook;  this  is  shown  by  No.  216, 
which  shows  both  the  dark  rock  and  the  syenibe.  In  this  speci- 
men the  syenite  is  easily  seen  to  contain  much  quartz; —  in  the 
other  specimens  of  this  syenite  (Nos.  200,  202,  and  212)  quartz 
can  not  be  clearly  seen  with  the  hand  lens. 

LAKE  IDA  BELLE. 

This  lake  is  very  irregnlar.  It  lies  in  sees.  1,  2,  3,  10,  11,  and 
12  of  T.  63-1,  while  bays  extend  a  short  distance  into  T.  64r-4, 
T.  647-2,  and  T.  63-3.  It  is  30  feet  below  Fonnd  lake.  The  conn- 
try  around  lake  Ida  Belle,  except  a  small  portion  at  the  north- 
east corner  of  the  lake,  has  been  burnt,  and  there  are  vast  expos- 
ures of  rock  all  around  the  lake  not  yet  covered  by  a  second 
growth  of  trees. 

This  take  lies  in  the  great  gabbro  sheet;  probably  nine-tenths 
of  the  rock  around  the  lake  is  gabbro,  the  rest  being  trap  and 
fine  red  syenite.  A  belt  of  iron  ore  was  reported  running  irom 
sec  1  to  sec.  18,  T.  63-4;  the  entire  lake  shore  was  examined, 
also  imrt  of  the  oonutry  southwest  of  the  lake,  but  no  iron  ore 
was  found; — in  fact  the  only  iron  seen  consisted  of  a  few  banda 
or  seams  of  magnetite  in  the  gabbro.  Fresh  beaver  cuttings 
were  seen  along  the  shore  in  sec.  10,  T.  63-4.  Xo  portage  could 
be  found  from  the  last  lake  to  lake  Ida  Belle,  and  so  one  was  cut 
straight  north  fbr  about  one-third  of  a  mile;  this  brought  us  to 
lake  Ida  Balle  near  the  centre  of  Sec.  11,  T.  63-1. 

In  the  a.  W.  i  of  N.  E.  i  sec  11,  T.  63^,  the  gabbro  (No.  217) 
occurs  and  continues  along  the  south  shore  most  of  the  way  to 
the  stream  that  enters  the  lake  in  the  S.  E.  i  of  sec  10.  In  the 
8.  W.  i  of  N.  W.  i  sec  11,  just  east  of  the  line  between  seca  10 
and  11,  there  is  an  exposure  of  diabase  (No.  218).  The  gabbro 
on  the  little  point  in  the  8.  E.  i  of  sec  10  is  cut  by  a  dike  of 
fine  diabase  (No.  219);  the  dike  runs  a  little  west  of  north;  it  is 
three  feet  wide  and  was  traced  twenty  feet.  The  gabbro  at  this 
point  is  represented  by  No.  220,  -whloh  is  exactly  similar  to  that> 
found  much  fkrther  north. 

A  trip  was  made  south  to  the  comer  between  sees.  10,  11,  14, 
and  16  and  then  west  along  the  line  between  sees.  14  and  15  for 
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nearly  half  a  mile;  the  line  coiUd  be  followed  no  ferther,  and  bo 
we  went  as  near  west  aa  poaeible  nntil  two  miles  west  of  the 
above  comer.  Many  rounded  hills  of  gabbro  were  vroBsad, — in 
&ct  all  the  rock  seen  was  gabbro  except  a  small  ontcrop  about 
three-foarths  of  a  mile  from  the  oorner;  this  outcrop  consisted 
of  a  fine-grained  rock  (So.  221)  whioh,  if  it  were  a  little  more 
decayed,  would  reeemble  what  has  been  termed  "mnscorado." 
One  of  the  speoimena  collected  {So.  222)  is  from  a  vein  which 
oontained  targe  crystalfl  of  hornblende,  an  inch  or  more  long. 
In  acme  places  there  were  small  patches  or  seams  of  gabbro  that 
contained  considerable  magnetite,  as  shown  by  No.  223,  bat  in 
no  place  did  the  magnetite  make  np  more  than  ong-third  of  the 
ro^  At  one  place,  one  and  a  half  miles  west  of  the  corner, 
there  was  a  thin  scale,  not  much  more  than  half  an  inch  thick,  of 
magnetite  lying  on  the  gabbro;  this  extended  only  about  20  feet; 
"So.  221  is  from  this  scale  of  magnetite.  From  the  last  place 
(one  and  a  half  miles  west  from  the  oorner)  Mr.  Meeds  went 
north  for  hf^f  a  mile,  and  found  nothing  but  gabbro.  A  section 
was  also  made  south  for  half  a  mile;  the  gabbro  was  the  only 
rock  seen, 

Oabbro  continues  along  the  north  and  west  shores  of  the  lake 
in  sec.  10;  it  was  examined  in  several  places.  There  is  a  very 
smaU  bay  in  the  N.  W.  i  of  K.  E.  i  see.  10;  on  the  east  side  of 
the  entrance  to  this  bay  there  is  an  exposure  of  gabbro  sloping 
down  to  the  water.  The  surikce  of  the  gabbro  is  spotted  with 
small  and  Irr^nlar  pieces  of  the  fine  red  syenite  (No.  225),  and 
there  are  veins  of  this  syenite  in  the  gabbro;  there  is  also  a  large 
piece  of  syenite,  10  by  ^  feet.  This  large  piece  and  the  smaller 
pieces  of  syenite  seem  to  lie  on  the  gabbro;  and  this,  together 
with  the  &ct  that  the  gabbro  iscnt  by  veins  or  dikes  of  the  syen- 
ite, wonld  indicate  that  the  syenite  it  of  later  date  fAan  the  goAbro. 
The  top  of  the  gabbro  exposure  is  cut  by  an  irregular  dike,  which 
at  one  end  is  three  feet  wide;  it  then  widens  out  to  twelve  feet. 
The  direction  of  the  dike  is  nearly  east  and  west,  and  it  was 
traced  forty  feet.  The  i^enite  at  this  place  is  represented  by 
Xo.  226,  the  dike  rooks  by  So.  226,  and  the  gabbro  by  So.  227. 
This  is  Oie  first  place  that  the  writer  has  found  the  fine  red  syen- 
ite in  contact  with  the  gabbro.  The  two  are  seen  in  contact 
again  at  the  northwest  corner  of  this  little  bay;  here  the  contact 
is  rertioal,  and  is  a  sharply  defined  line,  but  there  is  only  a  small 
(tour  feet  wide)  atrip  of  syenite  exposed. 
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Maay  outcrops  of  gabbro  are  seen  along  the  weet  shore  of  tibe 
lake  till  we  reach  a  aiufill  island  in  the  !N.  E.  \  of  S.  E.  i  sec.  3. 
On  the  north  side  of  this  island  the  gabbro  and  the  fine  redsyeu- 
ite  are  again  seen  in  ooBtact;  h^e  the  gabbrtTUet  on  the  syenite, 
which  is  represented  bj  No.  228.    A  bluff  of  rock  aboat  thirty 


PlQ.i.    Oatbrotifiiif  on fint  rut  lyatUa,  lake  Ida  Bella. 

feet  high  is  exposed;  the  npper  part  is  composed  of  gabbro, 
which  projects  oat  beyond  the  syenite  lying  below.  At  the  con- 
tact the  gabbro  haa  cmmbled  away,  so  the  actual  contact  line 
ooald  not  be  seen,  but  the  two  rocks  were  found  within  an  inch 
of  each  other.  There  seems  to  be  no  change  in  either  rock  near 
the  contact 

In  the  N.  B.  iofS.  B.  i  and  8.  B.  I  of  N.  B.  i  sec.  3,  T.  63-4, 
just  north  of  the  island  mentioned  above,  there  is  a  hill  com- 
posed of  a  dark  fine-grained  rock  (No.  229).  This  is  cat  through 
and  through  by  numerous,  irregular,  branching  veins  of  the  fine 
red  syenite  (No.  230);  theee  vary  from  two  fe^  to  half  an  inch 
in  width,  and  even  run  out  to  needlC' points.  No.  229  seems  to 
be  a  syenite,  like  the  red  syenite,  but  the  hornblende  makes  up 
so  lai^e  a  part  of  it  that  the  rock  appears  almost  black.  It  is 
difTerent  ft-om  the  dark  rock  seen  in  the  syenite  on  the  north 
side  of  Found  lake.  No.  231  shows  Nos.  229  and  230  in  contact; 
the  contact  is  a  distinct  and  sharply  defined  line,  and  in  no  place 
were  the  two  rocks  found  bo  grade  into  each  other. 
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The  rest  of  the  lake  shore  vas  ezamiued;  gabbro  was  foaad  in 
many  places,  eepecially  along  the  eastern  shore. '  On  the  vest 
ohore,  near  the  centre  of  sec.  2,  T.  63-4,  were  two  ezpoanres  of 
"So.  229  cat  as  above  desoribed  by  fine  redsyenite  similar  to  No. 
228.  At  the  extreme  northeastern  comer  of  the  lake,  in  the  S.  W.  t 
of  sec  31,  T.  Hr-3,  the  red  syenite  again  occois.  At  the  portage 
<S.  E.  t  of  sec.  35,  T.  61-4)  going  north  fh)m  lake  Ida  Belle  the 
gabbro  was  cut  by  veins  of  fine  red  syenite  (No.  232). 

FBOK  LAXE  IDA.  BELLE  TO  OGIBHKB-IIUNOIE  LAXE. 

!farrou>  lake.  This  is  a  narrow  irr^^lar  lake  in  sees.  26,  26, 
35,  and  36  of  T.  61-1;  it  is  a  mile  and  a  half  long  (north  and 
flonth),  bnt  not  more  than  a  quarter  of  a  mile  wide.  It  is  16  feet 
below  lake  Ida  Belle.  The  shores  are  densely  wooded,  the 
timber  being  mostly  spmoe,  birch  and  jack  pine.  The  port^e 
from  lake  Ida  Belle  is  in  the  S.  E.  1  of  sec.  36;  it  is  well  cat  and 
only  about  an  eighth  of  a  mile  in  length.  Gabbro  ocoors  oa  the 
west  shore  in  the  N.  E.  1  of  sec.  35.  On  the  west  shore  (S.  E.  i 
of  N.  R  t  sec  26)  near  the  north  end  of  the  lake  is  what  seems 
to  be  a  decayed  condition  of  the  gabbro  (So.  233);  this  contains 
considerable  biotite. 

Kitkadinna  tak^.  This  lake  is  mostly  in  sec.  21,  T.  6i-i  and 
sees.  19  and  20,  T.  61-3.  It  is  26  feet  below  Narrow  lake.  The 
Ahores  are  densely  wooded.  The  northern  arm,  whi<di  is  in  the 
8.  E.  1  of  sec.  13,  T.  61-4  and  the  N.  W.  1  of  sec.  19,  T.  6Jr-3, 
is  shown  on  the  plat  as  a  separate  lake,  bnt  it  is  only  an  arm  of 
Kiskadinna  lake.  There  are  two  short  portages  from  Narrow 
lake  to  this  lake  along  the  stream  that  connects  the  two  lakes. 
Not  many  rock  ezpoeares  are  to  be  seen  tdong  the  shores  of  this 
lake;  all  those  ezamined  were  gabbro.  Gabbro  also  ocoors  on 
the  south  shore  of  the  northern  arm  where  the  line  between 
ranges  3  and  1  touches  the  shore. 

SMkadiMna  lake  to  Bound  lake.  In  the  N.  W.  }  of  S.  E.  1^  see. 
13,  T.  64-4  there  is  a  short  portage  from  Kiskadinna  lake  past  a 
rapids  in  the  streamf  that  flows  from  this  lake  through  sees.  13, 
11,  10,  3,  and  2  of  T.  61-4  Into  Bound  lake  which  is  in  the  B.  W. 
i  of  seo.  35,  T.  61-6.  There  are  three  rapids  along  this  stream 
where  short  portages  are  made — in  the  N.  W.  i  see.  13,  8.  W.  i 
Sec.  11,  and  N.  W.  i  sec.  2, —  this  last  portage  coming  to  Bound 
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lake.  The  stream  is  easll;  canoeable,  being  oBnally  &om  lOO 
to  1,000  feet  wide.  The  portages  are  well  ont  and  seem  to  be 
Qsed  oonsidei«bly  in  the  winter  time.  The  only  rock  seen  along- 
this  stream  waa  gabbro;  this  ocoorred  in  several  places,  aa  fol- 
lows: near  the  centre  of  sec  13,  S.  E.  i  of  sec.  11,  on  the  portage 
in  the  S.  W.  i  of  sec  11,  N.  E.  1  of  sec.  10,  S.  W.  i  of  sec.  2, 
S.  W.  i  of  sec  2,  and  on  the  portage  in  the  X.  W.  i  of  sec.  2. 
Bonnd  lake  is  60  feet  below  Kiskadinna  lake. 
.  Draper  lake.  This  is  a  somewhat  circnlar  lake  in  the  W.  )  of 
sec.  34  and  the  E.  }  of  sec.  33,  T.  65-4.  It  is  36  feet  above 
Bonnd  lake.  A  portage  of  abont  half  a  mile  connects  these  two 
lakes;  it  leaves  Sound  lake  at  its  northwestern  comer.  The 
gabbro  occnrs  in  several  places  along  this  portage.  There  are 
also  many  fragments  of  qnartzyte  on  the  portage,  bat  no  rock  wa» 
found  in  place;  these  are  probably  from  what  has  been  termed 
Pewabic  qaartzyte  fbond  a  short  distance  north  of  here.  On  th» 
weetem  shore  of  the  lake,  in  the  N.  K  i  of  sec.  33,  there  is  an 
exposure  of  a  moBCOvado-like  rock  (Ko.  2331). 

Draper  lake  to  Flying  Cloud  lake.  From  Draper  lake  we  went' 
through  six  small  lakes  to  Flying  Cloud  lake.  This  plat  (T- 
66-4)  is  very  inaccurate,  and  the  route  we  took  and  the  position 
of  the  lakes  could  not  be  definitely  determined.  Below,  the  lakes- 
have  been  numbered  from  one  to  six,  and  the  location  given  a» 
near  as  possible. 

Lake  No.  1:— Near  the  centre  of  sec.  33,  T.  64-6.  Forty  feet 
above  Draper  lake,  ' 

Lake  No.  2:— IS.  W.  1  of  sec.  33,  T.  64r-5,  not  shown  on  the 
plat.    Same  hight  as  lake  No.  1.  * 

Lake  No.  3:—  This  is  probably  Charley  lake,  which  is  in  th& 
N.  i  of  sec  32,  T.  65-4.    Fifteen  feet  above  lake  No.  2. 

Lake  No.  4: — Centre  of  sec.  29,  T.  65-4.  Not  shown  on  the 
plat.  Forty  feet  above  lake  No.  4.  On  the  west  side  of  the 
portage  (this  portage  runs  nearly  north)  from  lake  No.  3  there 
is  a  bluff  26  feet  high  and  over  100  feet  long;  the  front  of  the 
bloff  is  perpendicular.  At  the  base  near  the  centre  there  is  & 
fine  gray  syenite  (No.  234),  forming  the  first  eight  feet  of  and 
extending  for  26  feet  along  the  foot  of  the  bluff.  Directly  over  the 
syenite  and  lying  on  it  is  the  gabbro  (No.  236)  which  composes- 
most  of  the  bloff.  The  change  from  the  gabbro  to  the  syenite 
was  abrupt,  there  being  no  transition.  The  contact  line  was  nob 
easily  seen  as  the  &oe  of  the  blnff  was  covered  with  lichens,  but 
on  chipping  off  small  pieces  of  the  rock  the  syenite  and  gabbra 
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were  seen  within  an  inch  of  each  other.  The  ayenite  is  very 
mach  finer  than  khe  Saganaga  syenite  foand  on  the  north  shore 
of  OoD&iDt  lake.  Jost  acroas  the  portage-trail  from  this  blaff 
of  ayenite  and  gabbro  there  ia  one  exposare  of  "mnsoorado" 
(So.  236)  similar  to  No.  233i.  A  Uttle  island  in  the  sonthern 
part  of  lake  No.  i  ia  made  np  of  a  fine  gabbro  (No.  237)  that 
seems  to  contain  considerable  olivine. 

Lake  No.  5:— B.  i  of  sec.  30,  T.  65-4.  Not  shovn  on  the  plaC 
This  ib  a  small  lake, '  not  more  than  a  Quarter  of  a  mile  across. 
Same  hight  as  lake  No.  4. 

Lake  No.  6:— S.  W.  i  of  sec.  30,  T.  66-1,  and  S.  E.  i  of  sec. 
2S,  T.  aw(.    26  feet  betov  lake  No.  6. 

Flying  Cloud  lake: — ^This  lake  is  aboat  a  mile  in  length,  and 
lies  in  the  B.  }  of  S.  }  of  sec.  26,  and  a  small  portion  ia  in  the  N. 
W.  i  of  sec.  36,  T.  66-5.    30  (t)  feet  below  lake  No.  6. 

On  the  soath  shore  near  the  east  end  of  the  lake  (S.  B.  }  of  S. 
E.  i  sec.  26)  there  is  a  low  ridge  of  dark,  almost  black,  qoartz- 
yte  running  east  and  west.  This  qoart^te  stands  vertical,  and 
the  strike,  as  near  as  oonld  be  estimated  without  the  needle, 
which  is  here  mnoh  disturbed,  is  aboat  east  and  west.  The  bed- 
ding is  very  plainly  seen,  especially  on  the  weathered  snrfoioes} 
this  is  caused  by  bands,  which  contain  varying  proportions  of 
the  two  minerals  of  the  rock, — quartz*  and  magnetite.  The 
specimens  collected  (No.  238)  &lrly  represent  the  rook,  which  is 
so  rich  in  magnetite  that  it  would  make  a  &ir  iron  ora  The 
priudpal  exposare  is  in  a  vertical  north  focing  wall,  12  feet  high 
uid  40  feet  long,  but  several  other  smaller  exposures  are  seen  for 
160  feet  east  of  this.  At  the  foot  of  the  ridge  is  an  ontccop  of 
greenstone  (No.  239).  It  seems  as  if  the  quartzyte  overlies  the 
greenstone,  bat  this  conld  not  he  positively  determined  (how- 
ever, this  is  found  to  be  the  case  about  a  mile  west  of  this  point). 
Tiaa  qnartzyte  is  the  Pewabic  qaartzyte  described  in  the  16th 
annual  report,  and  the  greenstone  is  probably  the  same  as  that 
mentioned  in  connection  with  the  quartzyte. 

From  Flying  Oload  lake  we  went  southwest  for  aboat  two 
milee  along  a  stream — making  four  short  portages  —  to  Kakego 
lake.  On  the  north  side  of  this  stream,  a  short  distance  west  of 
the  first  portage  from  Flying  Olond  lake  (probably  in  the  S.  E. 
1  of  S.  E.  t  sea  26,  T.  66-6),  the  Pewabic  quartzyte  again  oooars; 
here  it  is  fblly  as  rich  in  iron  as  seen  at  any  other  place.     This 

■  It  if  qnltopvfeabl*  tbU  than  li  itoo  ollTiii«,tn  tb«  rock. 
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is  shown  by  'So.  210.  It  dips  sontb  abont  40°.  Tvelve  feet 
□orth  of  tbis  quartzyte  is  a  low  outcrop  of  greenstone  (Ko.  241); 
this  is  much  darker  and  heavier  than  TSo.  239  and  apparently 
cont&iDB  considerable  iron.  The  position  and  dip  of  the  qoartz- 
yte  woald  bring  it  over  the  greenstone.  The  contact  between 
the  (wo  rocks  was  covered  by  Boil.  On  the  soath  side  of  the 
stream  is  a  ridge,  60  feet  high,  of  the  qoartzyte  dipping  Boath 
about  60".    No.  242. 

On  the  east  end  of  the  second  portage  fi*oni  Flying  Gloa'd  lake 
the  qoariizyte  is  again  seen;  here  it  dipe  south  46°.  On  the  west 
end  of  the  portage  the  qnariizyte  is  foand  lying  on  the  green- 
stone (see  Fig.  6).  This  is  probably  in  the  N.  W.  i  of  N.  E.  t 
sec  35,  T.  66-6.  The  contact  is  abrupt  and  there  is  no  transi- 
tion from  one  rock  to  the  other.  Both  rocks  seem  to  be  unchanged 
near  the  contact,  except  that  the  greenstone  is  a  little  decayed. 
The  Fewabic  quartzyte,  dipping  south  46°,  is  shown  by  No. 
243,  which  was  taken  within  six  inchee  of  the  contact.  The 
greenstone  is  shown  by  No.  244;  this  seems  to  be  similar  to  No. 


FIc.S.    faeablttMirUgulr'nttmtrtinHoiit.K.W.ii^lf.S.iiMC.U.T.WS. 
BBOO-FLT  LAKE.* 

This  lake  is  in  the  S.  E.  1  of  sec.  11  aod  the  N.  E.  (  of  sec.  14, 
T.  64-7.  On  the  little  point,  in  the  N.  E.  i  of  N.  E.  (  sec  14, 
there  is  a  fine-grained  condition  of  the  gabbro  (No.  246),  and  on 
the  east  side  of  the  lake  near  the  sonthern  end  there  is  a  preoipi  - 
tons  cliff  of  the  same  rock  rising  60  feet  abore  t^e  water, 

•Tha  following  ooM  van  Ukan  on  ■  tilp  tram  Knits  Imka  Ihroof  b  E«k«qiuUo,  Bhoa^T', 
Fnuer,  Tluimu,  Allca  nod  Wlldar  lakai,  theiwe  kloag  th*  XiwUhlirl  rltar  to  tha  &  E.  J^  oT  ho. 
3,  T.  Sl->,  uid  than  through  Gull  laka  to  Ulihlvlifal  laka. 
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From  Shoo-fiy  lake  a  portage  of  a  third  of  a  mile  rans  soath  to 
a  small  lake,  not  sbown  on  the  plat,  in  the  8.  W.  i  of  sec.  13,  T. 
64r-7.  On  the  weet  Bide  of  this  lake  near  the  northern  end  there 
is  anontcropof  gabbro(Ko.  246);  this  Is  finer  than  the  ordinary 
gabbro.  •  Ou  the  veet  side  of  Che  lake  near  the  soathern  end  ia 
another  ontoropof  gabbro  (So.  247)  vhich  seems  to  be  a  decayed 
onnditioa  of  ISo.  246.  From  the  sonthern  end  of  this  lake  a  por- 
ta^ rous  sonth  for  about  a  third  of  a  mile  and  reaches  Fraser 
lake  in  the  N.  W."  i  of  N.  W.  i  sec  24,  T.  «4-7. 

PBABEB  LAKE. 

Fraser  lake  ia  mostly  in  sees.  22,  23  and  24  of  T.  64-7.  On  tbe 
north  side  of  the  lake  in  the  B.  E.  i  of  S.  W.  1  see.  14,  T.  64-7 
there  are  several  ezpoeoree  of  iron  ore;*  these  vere  examined 
nMiher  carefolly.  Aboat  150  yards  north  of  the  shore,  w^faere  it 
is  cut  by  the  line  between  sees.  14  and  23,  is  a  small  pit,  four 
feet  deep.  At  the  bottom  of  this  pit  is  fonnd  quite  a  rich  oli- 
Tinitio  iron  ore  (So.  248);  this  disturbs  the  needle  but  slightly 
and  seems  to  be  mostly  menaocanite  rather  than  nu^cnetite.  On 
the  north  this  comee  in  contact  with  a  wfdl  of  rook  (So.  249)  com- 
posed of  large  orystalB  of  hornblende  (T)  that  is  almost  fibrons; 
in  this  there  ore  parallel  bands  of  iron  ore  (Sob.  260  and  251) 
which  mn  east  and  west  and  dip  south  about  80".  So.  260  is 
similar  to  the  ore  in  the  pit,  while  No.  251  is  distinctly  a  mag- 
netic qoartzyte  and  ahows  the  bedding  plainly.  A  few  rods 
northeast  of  this  pit,  and  at  the  top  of  the  steep  northward  slope, 
is  another  exposure  of  olirinitic  iron  ore  (Xo.  252);  this  appears 
Bimilar  to  the  ore  in  the  pit,  but  affects  the  needle  very  strongly, 
thns  probably  being  mostly  magnetite.  This  mass  of  iron  ore  at 
its  western  edge  comes  into  direct  contact  with  a  hornblende 
rock  (No.  253)  which  is  a  lees  decayed  condition  of  So.  249.  The 
hornblende  rock  is  here  also  in  contact  with  a  fine  "  muscovado ' ' 
(S'o.  254)  which  shows  a  few  large  crystal  foces  of  feldspar,  half 
an  inch  or  more  in  length.  Very  little  of  these  two  rocks  was 
seen  and  their  relation  to  each  otiier  was  not  determined.  The 
oontaet  line  is  irregular  and  there  is  no  transition  fh>m  one  to 
the  other,  nor  is  there  any  sign  of  alteration  in  either  rocks  near 
the  contact.  A  few  small  areas  in  this  hornblende  rook  were 
quite  rich  in  iron,  as  shown  by  Sob.  265  and  266,  bnt  the  limits 
of  these  areas  were  rather  sharply  defined.    The  observations 

•ThU  li  lb*  plaoa  «bv«  u  aUoiipt  ns  DUd*  |0  mina  Sir  t«ld  wnnl  T«ui  igo. 
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Tere  made  on  a  ridge  vhich  mns  east  and  weet;  it  iras  examined 
for  100  yards  oa  each  side  of  the  above  mentioned  pit.  The 
north  side  of  the  ridge  is  rather  steep  and  at  its  foot  occars  the  ' 
moscoTado,  here  represented  by  "So.  267.  As  &r  as  exposed  the 
top  of  the  ridge  is  composed  of  the  hornblende  rock  (Noa.  219  and 
263);  this  holds  many  masses  and  bands  of  m^netitic  qnortzyte. 
The  bedding  in  the  qoartzyte  is  osttally  very  distinct;  in  all  the 
places  examined  it  mns  east  and  vest,  bnt  irithin  ten  feet  the 
dip  varies  from  the  vertical  to  abont  45°  south.  The  maasee  of 
iron  ore  where  Nos.  248  and  262  were  obtained  contain  very  lit- 
tle qoartz  and  shov  no  evidence  of  bedding.  The  line  of  con- 
tact betireen  the  qoartzyte  and  the  sarronnding  rook  is  usually 
distinct  and  very  irr^olar;  there  was  no  blending  of  the  two 
rocks.  No.  258  *  shows  the  quartzyte,  and  in  the  specimens  nam- 
hered  259  the  bedding  is  plainly  seen.  No.  260  shows  the  con- 
tact of  the  quartsyte  and  the  smroonding  rock. 

In  the  N.  W.  i  of  "S.  K  i  seo.  23,  abont  a  qoarter  of  a  mile 
west  of  the  previously  described  locality,  is  a  ridge  running  east 
and  west;  this  is  probably  an  eastward  continuation  of  the  ridge 
mentioned  above.  On  the  south  side  near  the  base  of  the  ridge 
and  abont  50  feet  from  the  lake  a  rather  flue,  decayed,  gabbro- 
like  rock  (No.  261)  occurs;  this  is  exposed  in  several  places;  it 
has  a  rongh  bedded  structure  (the  beds  being  from  6  to  12  indiee 
thick)  which  is  nearly  horizontal.  On  the  north  side  of  the 
ridge  and  near  its  foot  is  a  small  exposure  of  iron  ore  (No.  262); 
it  has  a  tendency  to  split  along  parallel  plains  which  are  vertic^ 
and  run  east  and  west.  Within  ten  feet  of  this  ore  Che  qnartzyte 
is  seen.  The  ridge  at  tills  place  is  made  of  quartzyte  which  was 
followed  eastward  for  60  yards,  where  the  ridge  ends  abruptly. 
The  bedding  is  very  nicely  seen  along  the  weaUiered  snr&ces;  it 
is  caused  by  bands  of  almost  pure  quartz  alternation  with  bands 
rich  in  magnetite.  Some  of  these  bands  are  shown  by  Nos.  263, 
264  and  266.  Throughout  the  fifty  yards  that  the  quartzyte  was 
followed,  except  in  one  small  area  where  the  beds  had  been 
broken  and  bent,  the  strike  and  dip  were  oonstant,  the  former 
being  almost  east  and  west,  and  the  latter  south  76°.  At  the 
eastern  end  of  the  ridge  a  band  two  feet  wide,  of  a  fine  musco- 
vado-like  rock  (No.  266)  occurs  iuterbedded  with  the  quartzyte; 
this  rock  was  traced  for  over  30  feet;  it  has  a  tendency  to  a  rough 
cleavage  which  is  parallel  with  the  qnartzyte  bedding.     On  tlie 
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Boatb  side  of  the  ridge,  bat  not  witliin  SO  feet  of  any  qnartzyte, 
is  also  found  an  ontcrop  of  the  iron  ore  (TSo.  267)  which  has 
weathered  into  thin  parallel  sheets  oonfbrmaMe  with  the 
quartzyte. 

The  qnartzyte  described  at  these  two  localities  on  Fraser  lake 
is  decidedly  like  the  Fewabic  qnartzyte.  Evidently  the  gabbro, 
which  coveis  this  section  of  country,  hEis  been  worn  away  and  a 
mach  disturbed  portion  of  the  underlying  qnartzyte  exposed. 
The  quartzyte  was  not  seen  in  contact  with,  nor  in  foot  near  any 
of  the  ordinary  labradorite  gabbro,  but  this  gabbro  has  been 
seen  on  all  sides  of  it  at  places  nsnally  lees  than  a  mile  distant. 

THOUA8  LAKE. 

This  lake  is  in  sees.  27,  28,  29,  82,  33  and  31  of  T.  64-7,  and 
sees.  6  and  6  of  T.  63-7.  There  Is  some  good  white  pine  along 
the  southern  shore  of  the  lake;  several  claim  cabios  were  seen 
here. 

The  iron  ore,  shown  on  the  map  (in  the  16th  annual  report)  as 
occurring  on  the  oortb  side  of  the  lake  in  sees.  27  and  28,  was 
not  found,  fdthongh  the  locality  was  carefully  examined.  The 
only  iron  seen  was  a  small  amount  of  menaccauite  in  the  gab- 
bro (So.  269);  this  specimen  was  found  about  a  quarter  of  a 
mile  north  of  the  lake  in  the  !N.  E.  ]^  of  sec.  28. 

On  the  nortii  side  of  the  mouth  of  the  little  bay,  which  is  near 
the  centre  of  the  "W.  i  of  sec.  27,  there  is  a  bluff  40  feet  high, 
of  muscovado  (No.  270)  holding  irregular  blotches  of  a  light 
colored  feldspar. 

On  the  lake  shore  in  the  7^.  E.  i  of  sec  29,  on  a  little  point 
that  is  about  half  way  between  the  meander  corner  on  the  line 
b^ween  sees.  28  and  29  and  the  stream  that  flows  toward  Ima 
lake,  is  a  low  ontcrop  of  rock  (So.  271)  similar  to  the  horn- 
blende rock  found  at  Fraser  lake.  Here  were  many  angular 
fragmentaof  qnartzyte  (similar  to  the  Pewabie  quartzyte);  one 
specimen  (Ko.  272)  was  taken  to  show  how  plainly  the  banding 
appears  on  a  weathered  sorfoce.  A  few  fe^  back  from  the 
shore  is  an  outcrop,  two  feet  high,  of  magnetic  iron  ore  (Ko. 
273)f*=  this  is  composed  of  almost  pore  magnetite  with  a  little 
oUrine.  This  ore  was  not  seen  in  contact  with  any  other  rock, 
bat  it  oontains  a  few  of  the  crystals  that  make  np  the  hornblende 
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rock.  Ko  bedding  ooald  be  Been.  On  foither  search  a  low  ont- 
crop  of  qoartzyte,  similar  to  that  seen  at  Fraser  lake,  was  found 
about  50  yards  from  Uie  shore.  By  pnlling  away  the  moss  and 
soil  thlB  rock  was  exjKwed  for  twelve  feet.  It  lies  nearly  hori- 
zontal, dipping  sonth  about  10°.  Kos.  274  and  27fi  show  this 
qoartzyte.  As  the  shore  at  this  point  is  low  and  there  is  very 
little  rock  exposed,  the  relations  of  the  horubleDde  rock,  the 
iron  ore  and  the  qoartzjrte  coald  not  be  determined. 

LAKE  ALICE. 

From  the  extreme  soathweetem  corner  of  Thomas  lake  a  i>ort> 
age,  of  less  than  a  qnarter  of  a  mile,  leads  southwest  to  Qabiska- 
mak*  lake,  which  is  an  irregular  lake  lying  In  see.  6  of  T.  63-7. 
The  shores  of  this  lake,  except  a  small  portion  at  the  northern 
end,  have  been  burnt  and  are  now  partially  covered  by  bnsbes 
8  to  10  feet  high.  There  were  many  rock  outcrops  along  the 
shores;  all  of  those  visited  were  gabbro,  and  the  others  appeared 
to  be  the  same. 

From  the  south  end  of  Oablskamak  lake  a  portage  of  h^a. 
mile  leads  south  to  the  arm  of  Wilder  lake  that  extends  into  the 
S.  E.  i  of  sec.  7,  T.  63-7.  Oabbro  was  seen  in  several  places  on 
the  portage;  also  on  the  west  shore  of  the  arm  of  Wilder  lake. 
The  north  shore  of  the  Eavishiwi  river  was  examined  from 
Wilder  lake  to  lake  Alice;  no  rock  was  seen  except  gabbro  and 
there  were  many  exposures  of  this.  Between  these  two  lakes 
both  shores  of  the  river  have  been  burnt  and  are  now  covered 
with  Buull  birches,  poplars  and  jack  pines. 

Lake  Alice  lies  mostly  in  sees.  9,  10,  16,  16  and  21  of  T.  63-7. 
It  is  four  feet  above  Wilder  lake  and  is  oonneoted  with  it  by 
two  miles  of  river  in  which  there  is  one  &11;  this  is  in  the  X,  E. 
i  of  X.  W.  i  sec.  20,  T.  63-7.  The  Chippewa  name  for  this  lake 
is  Pe-na  sagiagan  or  Partridge  lake.  The  island  crossed  by  the' 
line  between  sees.  9  and  16  has  not  been  burnt;  also  the  IT.  W. 
i  of  S.  E.  t  see.  15,  where  there  is  a  claim  cabin  and  some  Norway 
pine.  The  rest  of  the  shore  has  been  burnt  and  is  now  covered 
with  young  birches,  jack  pines,  and  poplars.  From  the  end  of 
the  tray  in  the  S.  W.  }  of  sec.  22  there  is  a  portage  leading  eastf 
there  is  also  one,  leading  east,  leaving  the  lake  iu  the  S.  W.  i  of 
S.  E.  i  sec  10.  From  the  extreme  northern  end  of  the  lake  a  short 
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portage  leads  to  a  small  lake,  on  the  sonth  shore  of  which  the 
gabbro  is  exposed.  Lake  Alice,  and  eepeoially  the  eastern  side, 
was  rather  carefdlly  examined,  stops  being  made  about  every  200 
or  300  yards  (the  Inyin  the  K.  E.  i  of  8ec9  vas  not  entered);  no 
rock  was  foond  except  the  ordinary  labradorite  gabbro;  this  was 
seen  in  very  many  places;  So.  277  is  a  sample  from  the  S.  K  i 
of  S.  W.  i  sec.  15.  In  one  place  on  the  east  side  of  the  long  bay 
in  sec.  16  the  gabbro  (S'o.  276)  Is  of  a  decidedly  pinkish  color; 
the  labradorite  crystals  have  a  pinkish  tinge  and  there  are 
blotches  of  a  very  soft,  brick -red  mineral,  probably  an  oxide  of 
iron.  Search  was  made  back  from  the  shore  for  more  of  this 
pink  gabbro,  bat  none  was  foond. 

LAKE  AXIOB  TO  UI8HTWIBHIWI  IJlKB. 

The  bay  of  Wilder  lake  which  lies  in  sec.  13,  T.  63-8,  was  not 
entered  by  the  soivey  two  years  ago;  and  so  it  was  examined  on 
this  trip;  no  rock  was  seen  except  the  gabbro. 

From  Wilder  lake  the  Kawisbiwi  river  was  followed  to  the 
little  b^  in  the  N.  W.  i  of  S.  E.  t  see.  3,  T.  62-9;  here  a  por- 
tage of  about  two  miles  was  made  sontheast  to  Onll  lake.  There  is 
no  portage  rente  throagh  this  way, — only  a  very  poor  trail  which 
is  used  by  the  Indians  in  their  winter  trapping.  On  the  way 
three  ponds  were  crossed;  one  in  the  8.  }  of  sec  3,  T.  62-9,  one 
in  the  fT.  E.  i  of  sec.  9,  and  one  on  the  line  between  sees. 
9  and  16; — no  rock  exposures  were  seen  on  theee  ponds,  bat 
there  were  exposaree  of  gabbro  in  (he  "S.  W.  i  of  sec.  10  and  the 
N.  W.  i  of  sec.  16. 

Gall  *  lake  is  a  narrow  body  of  water  extending  northeast  and 
sonthwest  in  sections  16,  17,  19  and  20  of  T.  62-9.  The  shores 
are  closely  covered  with  spmce  and  jack  pine.  The  west  side  of 
the  lake  was  examined;  all  the  rock  seen  was  the  ordinary  gab- 
bro. From  the  sonthwest  comer  of  this  lake  a  fair  portage,  over 
a  mile  in  length,  leads  southwest  and  reaches  Mishlwishiwi  lake 
where  the  line  between  sees.  21  and  26,  T.  62-10  crosses  the 
shore.    Gabbro  oocors  along  this  portage. 

PINE  I8I.AKD,  YBBXruOS  LAKE. 

A  section  was  made  across  Fine  island,  on  the  line  between 
isDgee  19  and  16,  in  order  to  examine  a  hill  of  jasper  reported 
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to  be  there.  The  writer  crossed  the  island  on  this  line  and 
also  vent  west  from  the  line  for  a  mile,  near  the  centre  of  the 
island,  but  foand  no  Jasper  hill,  nor  any  indications  of  jasper. 
The  rocks  seen  on  the  seotioa  across  the  island  are  given  below. 
At  the  north  side  of  the  island  is  a  hill,  rising  40  feet  above 
the  water;  this  is  made  of  vertical,  rather  siliceons,  sericltic 
schist  (So.  281);  the  strike  is  E.  15°  N.  From  this  hill  a  swamp, 
where  there  are  no  rook  exposures,  extends  for  nearly  one-foarth 
of  a  mile  south  of  the  comers  of  T.  62-lfi.  62-16, 63-16  and  6a-I6. 
At  the  sonth  end  of  the  swamp  is  a  low  (six  feet  high)  ridge  of 
sericitic  schist  (Ko.  286);  strike  K.  20°  S.,  vertical.  Just  north  of 
the  qaarter  post  there  are  three  ridges  running  east  and  west. 
The  first  ridge  Is  composed  of  a  greenish  rock,  which  on  the  north 
side  of  the  ridge  is  qoite  schistose  and  somewhat  sericitio  (No. 
286);  strike  E.  10°  S.,  vertical;  on  the  south  side  the  rock  is 
more  massive  and  graywacke-like  (No.  287).  The  second  ridge 
is  made  of  a  rough  sericitic  schist  (So.  288);  strike  nearly 
east  and  west,  vertical.  "So.  289  is  from  the  third  ridge;  it  is 
harder,  greenish,  and  perhaps  somewhat  chloritic.  Sonth  of  the 
quarter  post,  and  abont  an  eighth  of  a  mile  from  the  lake,  the 
fbllowing  rocks  were  seen;  strike  E.  16°  S.,  vertical.  No.  290, 
light  gray  argillaceous  slate;  Nos.  291,  292  and  293,  coarser  and 
rather  sericitic  conditions  of  the  same;  Kos.294and295,  light  gray 
arigllaceons  slate.  No.  296  shows  a  more  ailioeous  condition  of  the 
slate.  At  the  lake  shore  there  are  fine  argillaceous  slates*  (No. 
298);  these  vary  from  black  to  gray;  the  slaty  structure  and  the 
black  and  gray  bands  are  parallel;  strike  E.  16°  N.,  and  dip  80° 
to  the  north.  No.  297  shows  the  gray  Blat«  a  few  fe^  from  the 
shore. 

III.      SUHHABY. 

No  generalization  or  theories  would  here  be  in  place,  but  it 
may,  perhaps,  be  admissable  for  the  writer  to  give  a  very  brief  sum^> 
mary  statement  of  the  bearing  of  some  of  the  facta  in  the  forego- 
ing notes  upon  the  general  geology  of  the  r^on  traversed.  The 
following  remarks  relate,  more  or  less,  to  the  great  gabbro 
sheet,  which  covers  so  much  of  that  part  of  Minnesota  nortJii  of 
lake  Bnperior. 

The  fine  red  syenite,  or  "red  rock"  of  former  reports,  was 
seen  in  several  places  on  lake  Ida  Belle  in  contact  with  the  gab- 
bro.   In  one  place  (see  fig.  4)  the  gabbro  was  in  contact  with 

•HsntlomdlnlS  AilB«p,P.SOS;  Ko.911. 


jyGoot^lc 


STATE  GEOLOGIBT.  193 

and  Kss  nnqaeatiotiably  overlying  the  syeaite;  bst  in  other 
places  veins  and  dyke-like  forms  of  what  certainly  appears  to  be 
the  same  syenite  est  through  the  gabbro.  The  syenite  has  the 
appearance  of  an  emptive  rock,  and  the  gener^  impression  left 
on  one,  by  seeing  the  oatcrops  on  this  lake,  is  that  the  syenite  is 
of  more  recent  date  than  the  gabbro.  The  two  rocks  are  very 
distinct  and  in  no  place  were  seen  to  grade  into  each  other; 
where  they  were  seen  together  the  contact  was  a  well  defined 
line. 

The  syenite  found  on  the  gabbro  at  Winchell  lake  is  not  the 
«ame  as  that  just  mentioned. 

The  iron  ore  and  magnetic  quartzyte  (of  which  the  ore  is  a 
part)  found  at  Fraser  and  Thomas  lakes  are  undonbtddly  dis- 
tnrbed  portions  of  the  Animike  beds  now  included  In  the  gab- 
bro. It  is  probable  that  they  have  not  been  moved  far  from  their 
original  position,  and.  that,  conseqneotly,  at  this  place  the  gabbro 
sheet  is  of  a  comparatively  small  thickness.  It  seems  that  all  the 
ore  at  this  place  is  from  the  quartzyte  and  that  that  portion 
which  is  but  slightly  magnetic  has  become  charged  with  titanimn 
from  the  gabbro.  In  connection  with  this  quartzyte  is  found  a 
pecnliar  rock  that  is  made  up  of  coarse  and  almost  fibrous  crystals 
of  what  is  probably  hornblende.  This  rock,  as  far  as  the  writer 
knows,  has  been  found  in  this  region  nowhere  except  in  connec- 
tion with  this  quartzyte  and  then  only  when  the  quartzyte  was 
close  to  or  in  contact  with  the  gabbro.  The  qaartzyte  sonth  of 
Birch  lake,  at  Chub  (Akeley)  lake  and  at  Thomas  and  Eraser  lakes  . 
also  shows  this. 

IV.    List  op,  and  Notes  on,  the  Ttpioal  Bocks  of  each 
OP  WHICH  25  Specimens  were  Collected. 

These  specimens  are,  in  many  eases,  from  the  exact  spot  from 
which  the  original  specimens  were  collected  and  described,  the 
writer  having  visited  many  of  these  localities  with  Prof.  Win- 
'Obell  on  two  of  his  trips  through  this  region.  Some  of  the  apeci- 
mens  from  localities,  not  before  visited  by  the  writer,  may  not 
always  be  exactly  the  same  as  the  original  specimens,  but  they 
are  very  nearly  the  same, — as  near  as  could  be  found  from  the 
notes  given  him.  Only  brief  descriptions  of  many  localities  were 
accessible  in  the  field,  as  the  16th  annual  report  had  not  then 
been  printed. 


>vGoot^lc 


194  SEVENTEENTH  ANKITAL  REPORT 

Aiter  each  namber  the  place  where  the  original  deecriptioo 
can  be  foand,  is  given.* 

Xo.  744,  (84): — Ogishke-Muncie  ooogloioerate  from  Gamper'» 
island,  Ogishke-Mnncie  lake;  S.  E.  tofB.  W.  i  Bee.  23,  T.  65-6. 
The  specimens  were  taken  from  the  southwest  corner  of  the- 
island.  They  show  the  matrix  of  tlie  conglomerate,  with  some- 
times a  ifew  of  the  smaller  pebbles.  The  specimens  collected  are 
coarser  and  not  as  green  as  the  original  No.  744.  10th  An.  Bep., 
p.  91. 

No.  751:— Hornblende  porphyry,  8.  K  t  of  sec  30,  T.  &i-ti^ 
Kekequabic  lake.  !No  specimens  of  this  were  collected,  as  the 
rock  was  not  fonnd  in  place  by  the  writer.  It  is  similar  to  ISo. 
1059  (97^,  except  that  the  ground  mass  is  inclined  to  brownish, 
while  No.  1059  is  yellowish  green.  See  No.  1059 10th  An.  Bep., 
p.  92. 

So.  868,  (278): — Green  chloritic  schist  embracing  fragments- 
of  jaspilyte,  north  of  Cady  house.  Tower.  This  rock  evidently 
grades  into  No.  908  (281).     15th  An.  Eep.,  p.  267-8. 

No.  892,  (279): — Rough,  scarcely  banded  jasper,  north  wall 
Stone  mine,  Tower.  Owing  to  changes  in  the  walls  of  the  mine, 
this  rock  was  not  seen  75  feet  below  the  sarfoce;  the  specimens 
collected  were  taken  about  25  feet  below  the  rock  surface.  15th 
An.  Eep.,  p.  256. 

No.  903,  (280): — Eed  jasper  with  darker  bands  of  iron  orej 
Stone  mine,  Tower. 

No.  908,  (281):  —  Matrix  of  conglomerate  occurring  north  cf 
the  Cady  honse,  Tower.     15th  An.  Bep.,  p.  269. 

No.  916,(282): — Breccia,  now  converted  to  hematite  and  a. 
floury  white  mineral;  Breitung  mine.  Tower.  15th  An.  Bep., 
p.  250. 

No.  921,  (283):— Blacker  purplish -black  day  slate,  3.  W.  i 
of  S.  W.  i  sec.  6,  T.  63-15;  sonthshore  of  Pine  island,  VermilioQ 
lake,  a  few  feet  east  of  the  line  between  ranges  15  and  16.  See 
notes  on  Pine  island  in  this  report.     15th  An.  Bep.,  p.  303. 

No.  950,  (128): — Siliceous  schist  or  bedded  quartzyte  from 
"Silver  City,"  N.  E.  i  of  Bee.  32,  T.  63-11.  The  specimens 
were  obtained  from  the  shore,  forty  feet  nearer  the  rapids  than 
the  southern  tunnel  is.     15th  Ad  Bep.,  p.  329. 

No.  954,  (114):— Coarse  gabbro,  east  side  of  Birch  lake  The 
specimens  were  taken  from  the  same  exposure  from  which  the 
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original  specimea  came.  In  the  description  (16th  An.  Bep.) 
this  locality  is  giren  as  the  N.  W.  i  of  sec.  20,  T.  61-11,  and  in 
the  catalogue  of  rock  samples  as  the  N.  W.  i  of  Sec.  17.  Judg- 
ing from  distances  to  known  points  (this  town  lias  not  been 
sarreyed)  the  writer  thinks  that  the  If.  W.  I  of  sec.  17  ia  the 
right  place.     15th  An.  Bep.,  p. -332. 

No.  958,  (121): — Breccia  of  mics-sctiist  cemented  by  granite 
&om  the  little  point  in  the  N.  £.  i  of  8.  E.  1  sec.  21,  T.  61-12, 
Birch  lake.  Wliere  the  mica-scliist  showed  the  schistose  strno- 
tnre  to  the  best  advantage,  the  rock  was  too  mnch  decayed  for 
good  specimens:     15th  An.  Bep.,  p.  333. 

No.  960:— See  No.  1138. 

No.  963,  (123):  —  Fine-grained  red  syenite,  resembling  the 
"red  rock"  of  Grand  Marais,  from  the  S.  W.  i  of  S.  W.  i  sec 
24,  T.  61-12,  Birch  lake.  The  specimens  were  collected  juBt 
east  of  the  line  between  sees.  23  and  24,  and  about  300  feet  back 
from  the  lake  shore.     15th  An,  Rep.,  p.  336. 

No.  979,  (111):— Fine  syenite  from  the  "Palisades,"  N.  W,  i 
of  8.  W.  i  sec.  4,  T.  62-10.  The  speoimens  are  from  n^r  the 
Bonthem  end  of  the  "Palisades"  and  abont  20  feet  above  the 
water.  The  rock  varies  some  and  has  an  almost  gneissio  strao- 
tnre.  The  specimens  collected  represent  the  prevailing  variety; 
this  grades  into  No.  112,  which  is  gray,  and  into  No.  113,  which 
is  coarser.     15th  An.  Bep.,  p,  342. 

No.  9S9,  (101): — Fine  grained,  slightly  micaoeons  qnartzose 
rock  from  the  south  shore  of  the  Kawlshiwi  river  in  the  N.  W.  i 
of  N.  W.  1  sec.  27,  T.  63-10.     15th  An.  Eep.,  p.  352. 

No.  991,  (102): — Gray,  red-weathering  gneissic  rock  from  an 
island  in  the  N.  W.  t  of  N.  W.  J  sec.  27,  T.  63-10,  Kawishiwi 
river.  The  sonthern  part  of  the  island  ia  composed  of  this  rock, 
bat  on  the  central  and  northern  parts  the  rook  has  many  darker 
hornblendic  bands  which  show  very  plainly  on  the  weathered 
snrface  (No.  103).  One  much  darker  hornblendic  band,  abont  a 
foot  in  width,  was  seen;  this  (No.  104)  seemed  to  be  distinct 
from  the  others,  which  graded  into  one  another.  No.  991  also 
showed  banding  on  weathered  surfaces.     15th  An.  Bep.,  p.  352. 

No.  994,  (105):— Beddish  chloritic  syenite ;  N.  E.  J  of  N.  W.  i 
sec  27,  T.  63-10 ;  south  shore  of  Kawishiwi  river.  This  rock  is 
hardly  s  red  syenite'like  the  original  No.  994,  bat  in  places  it  is 
leddidi, — see  No.  107,  which  is  similar  to  the  original  No.  994 ; 
not  enough  of  this  reddish  rock  could  be  fonnd  for  the  speci- 
mens.   This  rock  (No.  105)  seems  to  grade  into  No.  108  and 
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No.  109 ;  the  latter  has  some  biotite  and  the  exposDr«8  show  a 
rather  distioct  bedding,  while  the  exposures  of  Xo.  105  do  not. 
Lenticnlar  pieces  of  a  greenish  chloritie  schist  (No.  110)  are 
foQDd  in  a  few  places  in  No.  105.    15th  An.  Bep.,  p.  353. 

No.  1044,  (85): — Gnelssic  (syenitic?)  rock,  sonth  shore  of  the 
little  bay  at  the  sontheast  side  of  Eekeqnabic  lake,  S.  B.  i  of 
8.  W.  i  sec.  2,  T.  64-7.  The  specimeDS  were  taken  from  the 
only  ontcrop,  on  the  sontb  side  of  this  bay,  where  hammer 
marks  were  seen.  The  rock  contains  many  small  dark  masses, 
apparently  chloritie,  as  shown  by  No.  85;  none  of  these  were 
over  an  inch  in  diameter.  In  a  few  places  this  dark  mineral  is 
collected  into  rather  indistinct  vein-like  forms,  bnt  there  is  no 
marked  contrast  between  these  "veins"  and  the  sorroanding 
rock.     16th  An.  Bep.,  p.  361. 

No.  1049,  (87): — Biotite  gabbro,  somewhat  pebbly,  east  side 
of  sec.  4,  T.  64-7,  Kekeqnabic  lake.  The  water  was  so  high  that 
the  specimens  could  not  be  collected  in  the  bay  in  the  east  side 
of  sec.  4,  so  they  were  taken  from  the  N.  £>.  ^  of  the  S.  E.  )  of 
sec.  4;  here  the  rock  seems  to  be  the  same  as  in  the  bay.  The 
pebbly  structure  of  the  rock  is  shown  only  where  it  has  been 
water  worn.  At  this  place  the  gabbro  lies  on  some  gray  earthy 
slate.  The  slate  was  down  at  the  water's  edge  and  there  was 
only  a  very  small  area  of  it,  so  not  mnch  conid  be  determined 
concerning  it.  No  abrupt  contact  coald  be  seen  between  the  two 
rocks;  there  was  a  transition,  occupying  perhaps  two  feet,  &om 
the  gray  earthy  slate  (No.  88),  through  Nos.  89  and  90,  to  the 
gabbro  (No.  87),   15th  An.  Rep.,  p.  364. 

No.  1050,  (91): — Fine-grained  gabbro  from  the  top  of  the  same 
blnff,  as  from  which  No.  1049  was  taken.  The  specimens  were 
taken  about  35  feet  above  the  water.  N.  £,  i  of  8.  £.  I  of  sec 
4,  T.  64-7,  Kekequabic  take.     15th  An.  Bep.,  p.  364. 

No.  1059,  (97): — Hornblende  porphyry  from  the  north  shore 
of  Kekequabic  lake,  N.  E.  i  of  see.  36,  T.  65-7.  Within  a  few- 
inches  this  rock  varies  much,  the  hornblende  crystals  becoming 
smaller  and  fewer  in  number  and  sometimes  almost  wanting,  aa 
shown  by  the  small  specimen  (No.  97).  The  rock  is  very  hard 
and  tough  and  rings  like  iron  when  struck  by  the  hammer;  it 
ft^quently  contains  crystals  of  iron  pyrites.  See  Na  751.  15th 
An.  Bep.,  p.  367. 

No.  1068,  (70):— Doleryte,  from  N.  B.  i  of  sec  24,  T.  65-6; 
abont  a  quarter  of  a  mile  southeast  from  the  shore  of  Ogisbke- 
Muncie  lake.     This  rock  contains  considerable  of  a  pinkish  mln- 
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eral  (probably  caleitej;  this  mineral  also  occurs  in  small  veins 
or  fissures  in  the  rock,  shown  by  No.  71.  15th  An.  Bep.,  p.  371; 
also,  16th.An.  Hep.,  p.  95-6. 

So.  1073,  (69): — Ooarae -jointed  massive  rock,  apparently 
igneous,  month  of  Ogishke-Mnncie  creek,  N.  B.  i  of  S.  E.  i  sec. 
2t>,  T.  65-6;  Ogishke-Mcncie  laka  This  rock  overliee  the  fol- 
lowing, which  see.  Id  some  places  the  rock  has  cherty  spots,  aa 
shown  in  the  smaller  specimen  (No.  69),  probably  pieces  of  the 
slate  (No.  1074).     15th  An.  Bep.,  p.  372. 

No.  1074,  (63): — Fissile  black  slate,  baked  and  closely  jointed, 
month  of  Ogisbke-Muncie  creek,  N.  E.  i  of  8.  E.  i  sec.  2t>,  T. 
65-6;  Ogishke-Moucie  lake.  No  specimens  conld  be  obtained  at 
the  contact  with  the  oyerflowiag  rock  (see  above,  No.  1073),  as 
bere  the  slate  was  moch  broken;  the  specimens  collected  are 
from  the  point  made  by  the  creek  and  the  lake  shore,  which 
point  is  bnt  a  few  yards  west  of  No.  1073.  '  At  this  place  the 
slate  plainly  dips  20°  S.of  E.  at  an  angleof  abont  80°.  No.  63A 
was  obtained  jast  below  the  contact,  while  No.  68  B  is  from  a 
piece  of  the  slate  inclnded  in  the  overlying  rock.  The  slate  has, 
in  places,  a  decidedly  conchoidal  fractnre  as  shown  by  No.  68C. 
The  weathered  snrfiices  on  the  specimens  marked  68  show  an 
apparently  sedimentary  banding  which  is  parallel  with  the  slaty 
strnctnre.     16th  An.  Rep.,  p.  372. 

No.  1 094,  (86) : — Gray  porphy  ritic  rock,  representing  an  altered 
conglomerate,  from  the  point  which  has  the  corners  of  sees.  29, 
30,  31,  and  32,  T.  65-6;  north  shore  of  Kekeqnabic  lake.  -The 
specimens  were  taken  from  the  southeast  side  of  the  point,  or  in 
the  N.  W.  i  of  N.  W.  I  sec  32,  T.  65-6.  No.  86  shows  a  small 
one  of  the  greenish  nodules  or  pebbles.  15th  An.  Bep.,  p.  368; 
16th  An.  Bep.,  p.  100. 

No.  1098,  (96): — Gonglomeritio  chlorite  schist,  from  the  north 
^ore  of  Kekeqnabic  lake  where  it  is  crossed  by  the  line  between 
1. 6&-6  and  65-7.  The  small  amoantof  the  rock  left  uncovered  by 
the  porphyry  and  its  decayed  condition  made  it  rather  difficult 
to  get  good  specimens.     15th  An.  Bep.,  p.  367. 

No.  1100,  (93):— Reddish  syenite,  island  in  sec.  3,  T.  64-7, 
Eefeeqnabie  lake.  No.  1100  is  described  from  the  most  westerly 
island  in  the  lake,  but  this  island,  which  is  just  east  of  the  point 
in  the  S.  W.  i  of  N.  W.  i  of  sec.  3,  is  small  and  low  and  is  made 
up  of  a  condition  of  the  green  chlorite  schist  (No.  94);  the  email 
island,  just  northeast  of  the  last,  seems  to  have  no  rock  in  place, 
bnt  along  the  shore  are  many  fragments  of  feldspar  porphyry 
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(Ko.  95s  The  speoimeus  (No.  1100)  were  taken  from  a  larger 
island  in  the  B.  B.  J  of  N.  W.  i  sec  3,  jost  west  of  Animike 
island.     15th  An.  Bep.,  p.  362. 

No.  1109,  (100):— FelBitics  schist,  from  the  portage  from  Fall 
lake  to  Newton  lake,  S.  W.  i  of  sec.  3,  T.  63-11.  The  specimeos 
were  collected  from  the  south,  or  Fall  lake,  end  of  the  portage, 
15th  An.  Eep. ,  p.  356. 

No.  1128,  (129):— "Qabbro"  cat  by  intrusive  syenite;  N, 
W.  i  of  S.  E,  i  sec  6,  T.  62-11,  White  Iron  lake.  See  No.  1129, 
ISfeh  An.  Bep.,  p.  331. 

No.  1129,  (130):— Intrnsive  granite  (syenite),  N.  W.  iofS.a 
i  of  sec  6,  T.  62-11,  White  Iron  lake  Nos.  1128  and  1129  are 
from  tiie  place  frrom  which  Dr.  Wadsworth  took  the  original 
specimens.  The  "gabbro"  is  not  similar  to  the  ordinary  labra- 
doritegabbro;  it  is  perhaps  a  biotitie  diabase.  No.  131  is  (he 
syenite  taken  from  a  dike  in  the  diabase  No.  1129  (130)  is,  I 
think,  a  foir  sample  of  the  syenite  fbnnd  abont  White  Iron  lake. 
15th  Ad.  Eep.,  p.  331. 

No.  1132,  (127): — Black  hornblende  gneiss,  east  shore  of 
White  Iron  lake,  just  south  of  the  line  between  sees.  6  and  7  of 
T.  62-11.  A  set  of  specimens  oottld  not  be  obtained,  as  the 
gDcisB  only  occnrred  in  small  masses  in  the  syenite  and  here  the 
surface  was  worn  smooth  by  glaciation.  No.  127  shows  the  con- 
tact between  the  gneiss  and  the  syenite.    15th  An.  Sep.,  p.  331. 

No.  1134,  (12i): — Micaceous  "gabbro,"  or  rather  biotite 
hornblende  schist,  cut  by  veins  of  granite  (syenite);  N.  W.  i  of 
S.  E.  t  sec.  12,  T.  62-12,  east  side  of  White  Iron  lake.  The 
specimens  were  collected  from  the  place  where  Dr.  Wadsworth 
obtained  the  original  ones.  Abont  70  yards  west  of  this  place  is 
the  outcrop  described  by  Dr.  Alex.  Winchell  iu  the  15th  annual 
report  (see  p.  77,  halt  211),  Here  the  hornblende  schist  is  rep- 
resented by  No.  125,  and  the  granite  by  No.  126,  These  two 
outcrops  are  connected  by  a  ridge,  in  which  the  rock  is  not  ex- 
posed, but  the  schist  fonnd  at  the  east  end  (No.  134)  is  probably 
the  same  as  that  at  the  other  end  (No.  12S).  15th  An.  Bep.,  p. 
331. 

No.  1137,  (122): — Fine-grained  gabbro,  looking  like  diabase, 
from  a  point  a  short  distance  west  of  the  line  between  sees.  24 
and  25,  T.  62-12;  north  shore  of  Birch  lake.  This  seems  to  be  a 
finer  grained  condition  of  the  ordinary  labradorite  gabbro.  The 
.specimens  were  obtained  from  the  west  side  of  the  tittle  bay  in 
the  8.  B.  i  of  8.  W.  J  sec  24.     16th  An.  Bep.,  p.  332. 


;vGoot^lc 


BTAT£  GEOLOGIST.  199 

ISo.  1138.  Ferrnginoos  olivine  rock,  aboat  15  rods  from  tlie 
fihore;  8.  B.  i  of  S.  W.  i  sec.  24,  T.  62-12;  Birch  lake.  Ko  speoi- 
mens  of  this  were  coUectecl,  as  a  set  of  25  (No,  960]  was  col- 
lected in  1886.  It  is  &  part  of  the  great  quartzyte  formation 
<Animike)  lying  along  the  soBthern  side  of  the  Giant's  range. 
15th  An.  Sep.,  pp.  332  and  335. 

Ho.  1278,  (8): —  Kewatio  schist,  month  of  the  creek,  east  end 
of  the  long  bay,  north  side  of  Gunflint  lake.  This  is  the  most 
eastern  exposare  of  the  Eewatin  on  Oanfliiit  lake.  The  rock  at 
the  shore  was  so  cracked  and  broken  that  only  foar  specimens 
vere  collected;  these  are  marked  1,278A  (8A).  The  rest  of 
the  specimens  were  taken  from  a  low  outcrop  abont  10  rods  back 
from  the  shore;  the  schist  here  is  similar  to  that  at  the  shore,  but 
is  not  so  mncfa  decayed  and  is  apparently  more  siliceons.  16tli 
An.  Eep.,  p.  67. 

So.  1282,  (9): — Gray  gneissoid  rock,  slightly  porphyritic; 
-shore  of  the  long  bay,  north  side  of  Ganflint  lake.  The  speci- 
mens collected  do  not  answer  exactly  to  the  description,  bat 
they  are  a  part  of  the  same  rocks.     16th  An,  Sep.,  p.  68. 

No.  1283,  (10):— Porphyrel;  blnflf  north  shore  of  Ganfliut  lake. 
The  specimens  were  taken  from  a  vertical  cliff  on  the  lake  shore, 
aboat  three-fonrtbs  of  a  mile  west  of  the  east  end  of  the  ItHig 
bay.     16th  An.  Bep.,  p.  68. 

No.  1312,  (60): — Fine-grained  trap,  from  the  west  side  of  the 
nan-ows  of  Ganflint  lake;  S.  E.  J  of  N.  W.  i  of  sec  19,  T.  65-3. 
In  places  this  trap  holds  crystals  of  feldsftar  which  sometimes  are 
an  inch  long. 

No,  1316,  (46)^— Syenitic  gneiss  from  the  north  aide  of  Black- 
fly  bay,  Qanflintlake.     16th  An.  Rep.,  p.  73. 

No.  1318,  (61):— Diabase  dike  in  the  syenite,  first  falls  of 
Oanflint  river,  north  of  Ganflint  lake.  See  this  report  nnder 
Oanflint  lake. 

No.  1340,  (43); — Purplish  gray,  vitreous  quartzyte  (Pewabic 
•quartzyte),  i  mile  west  of  the  ore  pit,  Chub  lake;  N.  E.  i  of  sec. 
29,  T.  66-4.     16th  An.  Eep..  p.  85, 

No,  1371,  (72):—"  Marble"  from  east  side  of  Ogishke-Mnncie 
lake;  N.  B.  i  of  sec,  24,  T.  65-6.  The  place  where  the  speci- 
mens were  collected  is  probably  where  the  section  (p.  371,  15th 
An.  Bep.)  was  made.  No.  73  shows  a  softer,  more  schistose  por- 
tion of  No,  72.  No,  74  are  some  of  the  angular  pieces  included 
in  No.  72.  No.  75  shows  a  soft  greenish  (probably  talc)  mineral 
ibnndin  the  "  marble"(No.  72).  16th  An.  Rep.,  pp.  95  and  96; 
also,  nnder  No.  1069,  15th  An.  Bep.,  p.  371. 
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No.  1409,  (92):— Chloritic  schiat  from  the  small  island  near 
the  north  shore  and  jast  vest  of  the  narrows  of  KekeQoabio  lake. 
This  island  is  in  the  N.  "W.  i  of  N.  E.  i  sec.  36,  T.  66-7;  there  ia 
a  mnch  Bmaller  island  jost  east  of  it  and  also  one  north  of  it. 
16th  An.  Hep.,  p.  102. 

No.  1428,  (98);— Dark  siliceoos  slate,  from  the  E.  iofS.K  i 
sec,  28,  T.  65-7;  Knife  lake.  This  slate  Taries  from  grayish  to- 
black;  the  specimens  collected  are  gray,  as  this  colored  rock 
made  up  most  of  the  point.     16th  An.  Bep.,  p.  109. 

No.  1436,  (99); — Micaceo-syenitic  gneiss,  from  Opinin  island,. 
BasBTood  lake.  This  island  is  In  sec.  10  (probably  N.  E.  \  of  Si. 
W.  i),  T.  64-10.     I6th  An.  Eep.,  p.  110. 

Twenty-five  specimens  of  the  canglomeritic  syenite  from  Saga- 
naga  lake  were  also  collected.  Thewriternnmberedthese66.  No. 
67  8howsthes7enite.  This  rock  is  described  by  Dr.  Alex.  Winchelt 
in  the  16th  An.  Bep.,  pp.  219-222,  and  p.  334;  also  in  the  Ameri- 
can Qeologist,  vol.  Ill,  No.  3,  p.  153. 

V.    Baeometbioal  Eletatiokb. 

On  the  trip  from  6nnflint  lake  soath  to  Bml€  lake  and  north 
to  Ogisbke-Mancie  lake  the  elevatioa  of  each  lake  was  noted 
from  readings  of  an  aneroid  barometer.  The  following  table 
gives  the  elevation  of  each  take  above  lake  Superior  and  also- 
above  the  sea  level.  The  elevation  of  Ounflint  lake  (the  start- 
ing point)  above  lake  Superior, — 1,052  feet, — is  taken  from  the- 
9th  An.  Bep.,  p.  81.  The  highest  water  noted  is  Lost  lake  which 
is  1,427  feet  above  lake  Superior,^  or  2,029  feet  above  the  sea. 

Feet  «boTa       Feet  »boTe- 

Ikke  Superior.  the  hl 

Gnnflintlake - 1052  1654 

Loon  lake  (19511.  above  GanSiut  lake), 1247  1849- 

Maf  hew  lake  (110  feet  aboTB  Loon  lake) 1367  1859- 

iron  lake  (same  bight  as  Mayhefr  lake), „ 1357  1859 

Portage  lake  (25  ft  above  Iron  lake) „ „.13ee  1981 

Poplar  lake  (20  ft.  below  Pottage  lake) „1362  1964 

Straight  lake  (25  ft.  below  Poplar  lake), 1337  193ft 

Caribou  lake  (10  ft.  below  Straight  lake); 1327  1»29> 

Meed's  lake  (10  ft.  above  Cariboo  lake), _ 1337  1939 

North  Brnl^  lake  (20  ft.  below  Caribou  lake), 1307  1909 

Stray  lake  (30  ft  above  North  Bml^  lake) 1337  1837 

Gaskanaa  lake  (15  ft.  above  Stray  lake), 135S  1964 

Wiaohell  lake  (30  ft.  above  QaakanaB  lake), 1382  1964 

Sham  lake  (15  ft.  above  Winchell  lake) 1397  1999) 
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Feet  (bOYS       Feet  abOTs 

.                         Ilk«  Superior.  tb«  mi. 

Lost  lake  {30  ft.  above  Sham  lake], 1427    -  2029 

Bral^  lake  (75  ft.  below  Lost  lake) 1352  1954" 

Lake  G«oi^ii  (6  ft.  below  Btal6  lake) 1346  1»48 

Sarve70i's  lake  (1  ft.  above  lake  Oeoifcia}, 1347  1949 

Found  lake  (uune  bight  as  Survefor's  lake), 1347  1949 

Lake  Ids  Belle  (30  ft.  below  Foand  lake), I3I7  1919 

Karrow  lake  (IS  ft.  below  lake  Ida  Belle), 1302  1904 

Eiskadimia  lake  (35  n.  below  Narrow  lake) 1277  '1ST9 

Bound  l^e  (SO  ft  below  KUkadiima  lake), „1217  181» 

Dntper  lake  (35  R.  above  Bound  lake), 1252  1854 

Lake  No.  1  (40  ft.  above  Draper  lake). 1392  1894 

Lake  No.  2  (same  bight  aa  lake  No.  I), 1292  1894 

Lake  No.  3  (15  ft  above  lake  No.  2) « 1307  1909 

Lake  No.  4  (40  fl.  above  lake  No.  3), 1347  1949 

I^ke  No.  5  (same  higM  aa  lake  No.  4), 1347  I94ft 

Lake  No.  6  (25  ft.  below  lake  No.  5), 1322  1944 

FlyiDg  Cload  lake  (30  a  below  lake  No.  6), 1292  1894 

Kakegolake  (65  ft  below  Flying  aoud  lake), 1227  1829 

Clothes  Plq  lake  [60  ft  below  Kakego  lake), 1167  1769 

Oabemichlgama  lake  (20  ft.  below  Clothes  Pin  lake), 1147  1749 

Agamok  lake  (3  ft  below  Gabemichigaroa  lake), 1144  1746 

Fox  lake  (30  ft.  below  Agamok  lake), .....1114  1716 

Ogiahfco-Mnncie  lake  (60  ft.  below  Foi  lake) .1054  "lese 

Wilder  lake, 1103  JITW 

I^e  AUce  (4  ft.  above  Wilder  lake), 1106  170» 

VI.     Catalogue    of  Hook  Samples  to  Illusteatb  the. 

FOEEGOING  NOTEB;  COLLEOTED  BY  TTLY.  S.   GbANT  DURING 
THE  BUHMER  OF  1888. 

Most  of  these  rock  samples  are  of  mnseam  size;  and  In  many 
cases  more  than  one  specimen  was  collected,  to  represent  a  cer- 
tain number.  This  is  especi^ly  true  of  the  iron  ores,  of  each  of 
which  several  pieces  were  taken  for  analysis.  The  samples  have 
been  deposited  in  the  rooms  of  the  survey.  They  are  numbered 
from  1  up  to  298,  inclnaive;  the  figaree  are  green, —  paris  green 
and  shellac  dissolved  in  alcohol  being  nsed;  after  each  number 
the  letter  G  is  placed. 

Nob.  132-146,  iuclosive,  were  placed  on  an  island  which  was. 
Boon  after  overrun  by  a  fire,  and  all  the  labels  destroyed  and  the 
specimens  discolored.  These  specimens  have  not  been  pre- 
served: 

•  FioniltgUHlii  theStliAD.  Itcp.,[i.S4,0gtihke-Mund«1akelil,«U  ft.  aboTB  the  >u;  inil 
&0D  tha  ISth  An.  B«p.,  p.  3B4,  It  la  1,K>7  (t.  abori  tha  lea. 
tilth  Ad.  Rep.,p,  U4. 
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1.  Magnetic  iroo  slate  and  jasper,  N.  i  of  sec.  33,  T.  66-6; 
Ottertraefc  lake;  80  rods  south  of  the  lake  shore.     P.  ]  51. 

2.  Same  as  Hio.  1.    P.  161. 

3.  Magnetic  iron  slate  and  jasper,  N.  E.  i  of  N.  W.  i  sec.  27, 
T.  66-6  (iJf  the  U.  S.  sections  were  extended  northward);  north 
shore  of  Ottertrack  lake.     P.  151. 

4.  Grsywacke-like  rock  north  shore  of  Ottertrack  lake,  jast 
west  of  No.  3.     P.  101. 

5.  Graywacke-Iike  rock,  north  shore  of  Ottertrack  lake,  just 
-east  of  No.  3.'   P.  151. 

6.  Coarse  syenite,  small  island  in  the  3.  E.  i  of  8.  E.  i  sec. 
13,  T.  65-4;  Qnnflint  lake.     P.  152. 

7.  Hornblende  schist  in  syenite;  same  locality.     F.  152. 

6.  Sericitic  schist,  at  the  shore  near  the  east  end  of  the  long 
bay  on  the  north  side  of  Gnnflint  lake.  Same  as  No.  1278  (N. 
H.W.).     P.  199. 

8A.     Same  as  No.  8,  bat  apparently  more  siliceons.     P.  199. 

9.  Gray  gneissic  rock,  almost  porphyrel;  north  shore  of  the 
long  bay  on  the  north  side  of  Gnnflint  lake.  Same  as  No.  1282 
(N.  H.  "W.).    P  199. 

10.  Porphyrel,  on  the  shore  about  three-fourths  of  a  mile  west 
-of  the  east  end  of  the  long  bay  on  the  north  side  of  Qnnfliot 
lake.     Same  as  No.  1283  (N.  H.  W.).     P.  199. 

11.  Sericitic  schist,  north  shore  of  Ganflint  lake;  section  I, 
P.  152. 

12.  Earthy  schist,  north  of  Gundint  lake;  section  L     P.  153. 

13.  Pine  porphyrelloid  rock,  north  of  Onnflint  lake;  section 
I.     P.  153. 

14.  A  coarser  condition  of  13,  north  of  Gunflint  lake;  section 
I.     P 163. 

15.  A.  finer  condition  of  13,  north  of  Gandint  lake;  section  I. 
P.  15.3. 

16.  Black  slate,  north  of  Gnnflint  lake;  section  I.     P  153. 

17.  Trap  rock,  north  of  Gundint  lake;  section  I.     P  153. 

18.  Fine  trap  from  outer  edge  of  dike,  north  of  Gnnflint  lake; 
section  I.     P  153. 

19.  Trap  from  centre  of  same  dike,  north  of  Gunflint  lake;  . 
section  I.     P  153. 

20.  Sericitic  schist,  north  of  Gnnflint  lake;  section  I.     P  153. 

21.  Black  slate,  north  of  Gunflint  lake;  section  I.     P  153. 

22.  Finegabbro,  north  of  Gnnflint  lake;  section  I.     P.  163. 

23.  Black  slate,  north  of  Gunflint  lake;  section  I.     P.  153. 
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24.  Porphyrel,  northof  Onnflint  lake;  section  I.     P.  161. 

25.  Gray,  somewhat  micaceous  schist;  northof  Ganflintlake; 
section  I.     P.  154. 

26.  Hornblende  schist,  north  of  GanSint  lake;  section  I.  P. 
154. 

27.  Hornblende  schist,  north  of  Gnnflint  lake;  section  I.  P. 
154. 

28.  Mica-schist,  north  of  Gonflint  lake;  section  I.    P.  154. 

29.  Feldspathic  schist,  north  of  Gnnflint  lake;  section  I.  P. 
164. 

30.  Hornblende  schist,  north  of  Gnnflint  lake;  section  I.  P- 
164. 

31.  Hornblende  schist,  north  of  Gnnflint  lake;  section  L  P. 
154. 

32.  Hics-sohist,  north  of  Gnnflint  lake;  section  I.     P.  164. 

33.  Hornblende  schist,  north  of  Gnnflint  lake;  section  I.  P. 
164. 

34.  Syenitio  gneiss,  north  of  Gnnflint  lake;  section  H.  P.  155. 
36.    Hornblende  schist  inclosed  in  gneiss,  north  of  Gnnflint 

lake;  section  11.     P.  166. 

36.  Trap  £rom  dike  in  gneiss,  north  of  Gnnflint  lake;  section 
n.     P.  166. 

37.  Magnetitic  portion  of  this  dike,  north  of  Gnnflint  lake; 
section  II.     P,  156. 

38.  Gray  earthy  slate,  north  of  Gnnflint  lake;  section  II. 
P.  157. 

39.  Porphyrel,  north  of  Gnnflint  lake;  section  II.    P.  157. 

40.  Schistose  dike  rook,  north  of  Gnnflint  lake;  section  II. 
P.  157. 

41.  Finer  portion  of  No.  40,  north  of  Gnnflint  lake;  section 
11.     P.  157. 

42.  Porphyrel  inclosed  in  dike,  north  of  Gnnflint  lake;  sec- 
tion II.     P.  157. 

43.  Pnrplish-gray,  Titpeous  quartzyte  (Pewabic  quartzyte); 
N.  E.  J  of  sec.  29,  T.  65-4,  Chnb  lake.  Same  as  No.  1340  (N.  H. 
W.).     P.  199.  ' 

44.  Magnetic  iron  ore  from  the  pit  at  Chub  lake,  N.  E.  i  of 
Sec.  29,  T.  65-4.     P.  160. 

45.  Qnartzyte  core  from  drill;  Chub  lake,  N.  E.  I  of  sec.  29, 
T.  65-4.     P.  160. 

46.  Syenitic  gneiss  from  the  north  side  of  Blackfly  bay, 
Gnnflint  lake.     Same  as  No.  1316  (N.  H.  W.).     P.  199. 
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47.  Gray,  red-Teathering  schist,  north  shore  of  GaufliDb 
lake;  section  III.     F.  157. 

48.  Black  flinty  slate,  north  of  Ganfllnt  lake;  section  III. 
P.  157. 

49.  Serieitic  schistic  north  of  Qnnflint  lake;  Bection  III. 
P.  157. 

50.  Gabbro,  north  of  Gnnflint  lake;  section  III.     P.  157. 

51.  Hornblende-feldspar  schist,  north  of  Gnnflint  lake;  sec- 
tion III.     P.  158. 

53.  Hornblende  schist,  north  of  Gnnflint  lake;  section  III. 
P.  IBS 

53.  Mica-schist,  north  of  Gnnflint  lake;  section  lU.     P.  168. 

54.  Hornblende  schist,  north  of  Gnnflint  lake;  section  m. 
P.  158. 

55.  Very  coarsely-crystalline  hornblende  schist,  north  of 
Gnnflint  lake;  section  III.     P.  158. 

56.  Same  as  65,  north  of  Gnnflint  lake;  section  III.     P.  158. 

57.  Reddish  syenite,  north  of  Gnnflint  lake;  section  III.  P. 
158. 

58.  Syenitic  gneiss,  north  of  Gnnflint  lake;  section  III.  P. 
168. 

58A.  Same  as  68,  bat  showing  the  gneissic  strnctare  better; 
north  of  Gnnflint  lake;  section  IIL     P.  158. 

59.  Syenitic  gneiss,  north  of  Gnnflint  lake;  section  III.  P. 
158. 

60.  Finegrained  tr%p,  from  the  west  side  of  the  narrows  of 
Gnnflint  lake;  S.  E.  I  of  N.  W.  i  sec  19,  T.  65-3.  Same  as  No. 
13ia  (N.  H.  W.).     P.  199. 

61.  Diabase  from  dike  in  syenite,  first  ^Is  of  Gnnflint  river 
north  of  Gnnflint  lake.     Same  as  So.  1318  (N.  H.  W.).     P.  160. 

61A.    Pine  condition  of  No.  61.    P.  160. 

62.  Syenitic  gneiss,  first  falls  of  Gnnflint  river  north  of  Gnu- 
flint  lake.    P.  160. 

63.  A  condition  of  No.  61.     P.  161. 

64.  A  condition  of  No.  61,  shoving  pitted  snriace.     P.  16.1. 

65.  Hornblende  schist  in-'No.  62;  first  falls  of  Gnnflint  river 
north  of  Gnnflint  lake.     P.  161. 

66.  Conglomeritic  syenite  from  Saganaga  lake.     P.  200. 

67.  Syenite,  Saganaga  lake.     P.  200. 

68.  Black  slate,  month  of  Ogishke-Muncie  creek,  N.  E.  i  of 
S.  E.  }  sec.  26,(T.  65-6;  Ogishke-Mnncie  lake.  Same  as  No. 
1074  (N.  H.  \V.).     P.  197. 
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■68A.     Broken  condition  of  No.  68.     P.  197. 

68B.     Portion  of  No.  68  included  in  No.  69.     P.  197. 

68  C.     Showing  conchoidal  fractare  of  No.  68.     P.  197. 

69.  Coarse-jointed  massive  rock,  apparently  igneous,  montk 
of  C^ishke-Mnncie  creek,  N.  E.  1  of  S.  E.  i  aec.  26,  T.  65-6; 
OgiBhke-Moncie  laka     Same  as  No.  1073  (N.  H.  W.).     P.  197. 

70.  Doteryte,  abonb  a  quarter  of  a  mile  souttieast  from  the 
shore  of  Ogi^ke-Mancie  lake;  N.  E.  t  of  sec  24,  T.  65-6.  Same 
as  No.  1068  (N.  H.  W.).    P.  196. 

71.  Calcite  from  veins  in  No.  70. 

72.  "Marble"  from  east  side  of  Ogisbke-Muncie  lake;  N.  E. 
J  of  sec.  24,  T.  66-6.     Same  as  No.  1371  CN.  H.  W.).     P.  199. 

73.  Softer  and  more  schistose  portion  of  No.  72.    P.  199. 

74.  Angalar  siliceous  pieces  In  No  72.     P.  199. 

75.  Portion  of  No.  72  showing  a  soft  greenish  mineral. 

76.  Gray  quartzyte,  8.  E.  i  of  N.  E.  t  sec.  24,  T,  65-6; 
Ogishke-Muncie  lake.    P.  161. 

77.  Black  slate,  S.  E.  i  of  N.  E.  i  sec  24,  T.  65-6;  Ogishke- 
Muncie  lake.     P.  161. 

78.  Siliceous  band  in  No.  76.     P.  162. 

79.  Transition  rock  from  No.  78  to  No.  82.     P.  162. 

80.  Transition  rock  from  No.  78  to  No.  82.     P.  162. 

81.  Transition  rock  from  No.  78  to  No.  82.     P.  162. 

82.  Bock  composed  mostly  of  calcareous  or  dolomitic  mat- 
ter; S.  R  1  of  N.  E.  i  sec.  24,  T.  65-6;  Ogishke-Muncie  lake. 
P.  162. 

83.  Part  of  Ogishke-Muncie  conglomerate;  S.  E.  i  of  N.  E.  i 
sec  24,  T.  65-6;  Ogishke-Muncie  lake.     P.  162. 

84.  M^rix  of  Ogishke-Muncie  conglomerate;  from  Camper's 
island,  S.  E.  i  of  3.  "W.  i  sec  23,  T.  65-6;  Ogishke-Muncie  lake. 
Same  as  No.  744  (N.  H.  W.).     P.  194. 

85.  Qneissic  (syeniticT)  rock,  south  shore  of  the  little  bay  at 
the  southeast  corner  of  Kekequabic  lake;  S.  B.  I  of  8.  W.  i  sec. 
2,  T.  64-7.     Same  as  No.  1044  (N.  H.  W.).     P.  196. 

86.  Gray  porphyritic  rock,  trom  the  point  which  has  the  cor- 
ners of  sees.  29,  30,  31,  and  32,  T.  65-6;  Kekequabie  lake.  Same 
as  No.  1094  (N.  H.  W.).     P.  197. 

87.  BiotJte  gabbro,  N.  E.  i  of  S.  E.  i  sec.  4,  T.  64-7;  Keke- 
qnabic  lake.     Same  as  1049  (N.  H.  W.).     P.  196. 

88.  Gray  earthy  slate,  N.  B.  i  of  8.  B.  i  sec  4,  T.  64r-l ;  Keke- 
qoabic  lake.    F.  196. 

89.  Transition  from  the  slate  CNo.  88)  to  the  gabbro  (No.  87). 
P.  196. 
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90.  TranBition  from  the  slate  (Jfo.  88)  to  the  gabbro  (No.  87). 
P.  196. 

91.  Fine  grainfld  gabbro,  from  the  top  of  the  blafTfrom  which 
No.  87  was  taken;  N.  B.  1  of  S.  E.  1  sec.  ),  T.  64-7;  Kekeqoabie 
lake.     Same  as  No.  1050  (N,  H.  W.).     P.  196. 

92.  dhlorite  schist,  N.  W.  i  of  N.  E.  *  sec,  36,  T.  65-7;  Keke- 
qaabie  laka     Same  as  No.  1409  (N.  H.  W.).     P.  168. 

93.  Reddish  syenite,  from  an  island  in  Kekeqaabic  lake;  8. 
E.  i  of  N.  W.  i  sec.  3,  T.  64-7,  Same  as  No.  1100  (N.  H.  W,). 
P  197. 

94.  A  condition  of  the  green  chlorite  schist,  from  island  in 
the  8.  W.  t  of  N.  W.  i  sec  3,  T,  ^ir-7;  Kekeqnabic  lake,  P. 
197. 

95.  Feldspar  porphyry,  from  an  island  just  northeast  of  the 
last;  S.  W.  i  of  N.  W.  i  sec  H,  T.  64^-7;  Kekeqnabic  lake.  P. 
198. 

96.  CoDglomentic  chlorite  schist,  from  the  north  shore  of 
Kekeqnabic  lake  where  it  is  crossed  by  the  line  between  T.  65-6- 
and  T.  65-7.     Sahie  as  No.  1098  (N,  H,  W,).     P,  197. 

97.  Hornblende  porphyry,  from  the  north  shore  of  Kekeqna- 
bic lake;  N,  E.  i  of  see.  36,  T.  65-7.  Same  as  No.  1059  (N,  H. 
W.),     P.  196. 

98.  Gray  siliceons  slate,  from  Knife  lake;  E.  i  of  N,  E.  J  see, 
28,  T.  65-7.     Same  as  No,  1428  (N.  H,  W.),     P.  200. 

99.  Aficaceo-syenitic  gneiss,  from  Opinio  Island,  Basswood. 
lake;  sec.  10,  T.  64-10. ,  Same  as  No.  1436  (N.  H.  W.).     P.  200. 

100.  Felsitic  schist,  from  the  soath  end  of  the  portage  from 
Fall  lake  to  Newton  lake;  S.  W.  i  of  sec.  3.  T.  63-11.  Same  as 
No,  1109  (N.  H.  W.).     P.  198. 

101.  Fine  grained,  slightly  micaceous,  guartzose  rock;  south 
shore  of  Kawishiwi  river;  N.  W.  i  of  N.  W.  i  sec  27,  T.  63-10. 
Same  as  No.  989  (N.  H.  W.).     P.  195. 

102.  Gray,  red- weathering,  gneissic  rock,  from  an  island  la 
the  N.  W.  1  of  N.  W.  i  sec.  27,  T.  63-10;  Kawishiwi  river. 
Same  aa  No.  991  (N.  H.  W.).     P.  195. 

103.  Hornblendic  band  in  No.  102.     P.  195. 

104.  Hornblendic  band  in  No.  102,    P.  195. 

105.  Eeddiah  chloritic  rock,  N.  E.  1  of  N.  W.  1  sec.  27,  T. 
63-10;  aonth  shore  of  Kawishiwi  river.    P.  195. 

106.  Hornblendic  gneiss,  N.  K  i  of  sec  27,  T.  63-10;  sooth 
shore  of  Kawishiwi  river,     P.  195. 

107.  Keddish  chloritic  syenite,  N.  E.  i  of  N.  W.  t  sec  27,  T. 
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63-10;  sODth  shore  of  Eavishiwl  rirer.     Same  as  No.  994  (S.  H. 
W.).     P-  196. 

106.  QoartzoseBchist,  gntdiDgintoyo,  105;  same  locality.  P^ 
195- 

109.  Qnarfczose  scbiBt,  with  some  biobite;  same  looaUty.  P.  196. 

110.  Chloritic  schist  in  No,  105;  same  locality.     P.  196. 

111.  Fine  syenite,  from  the  "  Palisades;"  N.  W.  I  of  S.  W.  i 
aea  4,  T.  62-10.    Same  as  No.  979  (K  H.  W.).    P.  195. 

112.  Fine  grayish  syenite,  a  condition  of  No,  111 ;  same  local- 
ity.    P.  195. 

113.  Fine  reddish  syenite,  a  condition  of  111;  same  locality. 
P.  195. 

114.  Coarse  gabbro,  east  side  of  Birch  lake,  IS.  W.  i  of  see. 
17,  T.  61-11.     Same  as  No.  954  (N.  H.  W.).     P.  194. 

116.  Magnetitic  quartzyte,  8.  W.  i  of  sec  9,  T.  60-12;  soath. 
of  Birch  lake.     P.  163.     - 

1 16.  Magnetitic  qnartzyte.  N.  W.  i  of  sec.  10,  T.  60-12;  south 
of  Birch  lake.     P.  163. 

117.  Biotitic  gabbro,  8.  W.  i  of  sec.  10,  T.  60-12;  south  of 
Birch  lake.     P.  162. 

118.  Same  as  No.  117,  but  showing  dark  bands.  Same  local- 
ity.    P.  162. 

118A.     Same  as  118,  but  from  a  loose  piece.     P.  162. 

119.  Gabbro,  N.  J  of  sec  15,  T.  60-12;  south  of  Birch  lake. 
P.  162. 

120.  Gabbro,  N.  E.  t  of  sec  15,  T.  .60-12;  south  of  Birch 
lake.     P.  163. 

121.  Breccia  of  mica-schist  cemented  by  granite,  from  the 
little  point  in  the  N.  E.  i  of  8.  E.  k  sec  21,  T.  61-12;  Birch 
lake.     8ame  as  No.  958  (N.  H.  W.).     P.  195. 

122.  Fine-grained  gabbro,  from  the  west  side  of  the  little  bay 
in  the  8.  E.  i  of  8.  W.  k  sec.  24,  T.  62-12;  Birch  lake.  Same  as 
No.  1137  (N.  H.  W.).     P.  198. 

123.  Fine-grained  red  syenite,  from  the  S.  W.  k  of  8.  W.  i 
sec  24,  T.  61-12;  just  east  of  the  line  between  sees.  23  and  24,. 
and  3O0  feet  north  from  the  shore  of  Birch  lake  Same  as  No. 
963  (S.  H.  W.).     P.  195. 

124.  Biotite  hornblende  schist,  N.  W.  i  of  8.  B.  i  sec  12,  T. 
62-12;  east  side  of  White  Iron  lake  Same  as  No.  1134  (N.  H. 
W.).     P.  198. 

126.  Biotite  hornblende  schist.  N.  W.  i  of  S.  B.  i  sec  12,  T. 
62-12;  east  side  of  White  Iron  lake;  70  yards  west  of  No.  124. 
P.  198. 
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126.  Granite  catting  No.  125;  same  locality.     P.  198. 

127.  Black  hornbiende  gneisa,  jast  sonth  of  the  line  between 
sees.  6  and  7,  T.  62-11;  east  shore  of  White  Iron  lake.  This 
specimen  shows  the  contact  between  the  syenite  and  hornblende 
gneiss.     Same  as  No.  1132  (N.  H.  W.).     P.  198. 

128.  Siliceous  schist,  from  "  Silver  City;"  N.  E.  t  of  sec  32, 
T.  63-11.     Same  aa  No.  950  (N.  H.  W.).     P.  194. 

129.  Biotitic  diabase  (t)  cat  by  intrnsire  syenite,  N.  W.  k  of 
8.  E.  i  sec.  6,  T.  62-11,  White  Iron  lake.  Same  as  No.  1128 
(N.  H.  W.).     P.  198. 

130.  Syenite  cntting  No.  129;  same  locality.  Same  as  No. 
1129  (N.  H.  W.).     P.  198. 

131.  Syenite  taken  from  a  dike  in  No.  129;  same  locality. 
P.  198. 

132.  Gabbro,  north  side  of  the  little  bay  in  the  S.  W.  i  of  S. 
E.  t  sec  15,  T.  63-9;  Kawishiwi  river.    P.  163. 

133.  M^netitic  iron  ore  in  the  gabbro,  S.  E.  i  of  sec.  15,  T. 
63-9.     P.  163. 

134.  Muscovado,  S.  E.  i  of  N.  E.  t  sec  15,  T.  63-9;  60  yards 
northwest  of  the  quarter  post  between  sees.  14  and  15.     P.  163. 

135.  Mt^netitic  iron  ore;  same  locality  as  No.  134.    P.  163. 

136.  Gabbro,  showing  gneissic  structure;  N.  W.  i  of  sec.  6, 
T.  61-9;  hill  on  east  bank  of  stream.    P.  164, 

137.  Gabbro,  showing  banding  in  No.  138;  S.  W.  i  of  sec  5, 
T.  61-9;  hill  on  west  bank  of  stream.     P.  165. 

138.  Gabbro,  from  same  locality  as  No.  137.    P.  165. 

139.  Bed  syenitic  gneias;  3.  i  of  sec.  32,  T.  63-10;.  from  a 
small  island  near  the  southern  shore  of  the  lake.     P.  165. 

140.  Bed  syenite;  S.  1  of  sec  32,  T.  63-10;  from  a  small 
island  just  north  of  the  island  where  No.  139  was  found.     P.  166. 

141.  Syenite,  with  large  crystals  of  hornblende;  west  Bide  of 
the  little  bay  in  the  N.  W.  i  of  N.  W.  J  sec.  32,  T.  63-10.  P. 
165. 

142.  Light  gray  gneiss;  at  theport^e  in  the  N.  B.  iofS.  W. 
1  see  31,  T.  63-10.     P.  165. 

143.  Hornblende  Bchist(t)  in  No.  142;  same  locality.     P.  166. 

144.  Dark  hornbl<»nde  rock,  from  the  southern  shore  of  the 
lake;  S.  i  of  see.  32,  T.  63-10.     P.  166. 

145.  Transition  from  No.  144  to  the  syenite  like  No.  140;  same 
locality  as  No.  144.     P.  166. 

146.  To  illustrate  the  same  transition  as  No.  145;  same  local- 
ity.    P.  166. 
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li7.  Coarse  gabbro;  west  side  of  the  little  bay  in  the  8.  W.  k 
of  N.  W.  t  sec  35,  T.  62-8;  lake  laabelle.     P.  166: 

148.  Qrannlyte  vein  in  the  gabbro;  a  fev  rods  north  of  So. 
147.     P.  166. 

149.  Very  tM^arse  gabbro;  from  cliff  on  the  west  Side  of  the 
larger  bay  in  the  N.  W.  i  of  sec  35,  T.  62-8;  lafee  Isabelle,   P.  166. 

150.  Trap  rook,  8.  W.  J  of  N..E.  i  sec  35,  T.  62-fl;  lake  Tsa.- 
belle.    P.  166. 

161.  Coaraer  condition  of  Ko.  160;  same  locality.    P.  166. 

162.  Coarser  decayed  condition  of  Ifo.  150;  same  locality,  bat 
a  few  rods  back  from  the  shore.    P.  166. 

163.  Coarser  condition  of  No.  160;  same  locality  as  So.  162. 
P.  166. 

164.  ConditioQ  of  27o.  160,  containing  patches  of  biotite;  on 
tbe  shore,  a  little  north  of  No.  160.     P.  166. 

156.     A  decayed  condition  of  So.  164;  same  locality.     P.  166. 

166.  A  coarser  condition  of  No.  154  and  No.  165;  same  local- 
ity.    P.  166. 

167.  Same  trap,  near  contact  with  the  gabbro;  X.  i  of  S. 
£.  i  sec  36,  T.  62-8,  lake  Isabelle;  on  the  shore,  a  few  steps 
north  of  Ko.  156.    P.  167. 

168.  Fine  diabase  from  dike,  N.  £.  i  of  \.  E.  (  sec  36.  T. 
«2-8;  lake  Isabelle.     P.  167. 

169.  Diabase  fh)ni  dike,  8.  W.  i  of  sec  30,  T.  62-7;  lake 
IsabeUe.     P.  167. 

160.  Finer  diabase  from  edge  of  the  same  dike  from  which 
So.  169  was  taken.     P.  167. 

161.  Fine  diabase  from  dike,  W.  i  of  sec,  31,  T.  62-7;  lake 
Isabelle.    P.  167.  , 

162.  Very  coarse  gabbro,  north  shore  of  BelUssima  lake; 
probably  firom  sec  27,  T.  61-7.    P.  167. 

163.  Gray  feldspathic  rock,  8.  W.  1  of  sec.  21,  T.  60-6;  Pine 
lake.     P.  163. 

163A.    Portion  of  No,  163  shoving  dark  silieeons  fragment; 
same  locality  as  So.  163,    P.  168. 
16-3B.  TraQsitionfromNo.l63toNo.  164;samelooality.  P.  168. 

164.  Grannlyte,  S.W.i  of  sec  21,  T.  60-6:  Pine  late.    P.  168. 
164A.    A  darker  and  more  sUieeons  condition  of  No.  164; 

same  locality.     P.  168. 

166.     Finetrap,  S.  W.  iofsec  21,  T.60-6iPinelake.    P.  168. 

166A  No.  166  containing  fragments  of  No.  164;  same  local- 
ity.    P.  168. 

Vol.  Ill— 37. 
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166B.     A  condition  of  No.  155  A;  same  locality.     P.  168. 

166.  Diabasic  rock,  S.  W.  i  of  sec.  28,  T.  60-6;  Pine  lake. 
P.  168. 

167.  Dlaba3io  rook,  west  shore  of  Fine  lake;  T.  60-6.  P.  168. 

168.  Very  fine  diabasic  rock,  west  shore  of  Pine  lake;  T. 
60-6.     P.  168. 

169.  Very  due  diabasio  rock,  west  shore  of  Pine  lake;  T. 
60-6.     P.  168. 

170.  Micaceons  schist,  from  the  syenite;  north  of  Ganflint 
lake.    P.  158. 

171.  Hornblendio  schist,  ^m  the  syenite;  north  of  Ganfliot 
lake.    P.  158. 

172.  Coarse  hombleadic  schist,  from  the  syenite;  north  of 
Qanflint  lake.    P.  168. 

173.  Syenite  holdinf;  hornblendio  schist  fragments;  north  of 
Gonflint  lake.     P.  159. 

174.  Synenitic  gneiss,  north  of  Ganflint  lake.     P.  159. 

175.  Gabbro,  S.  "W.  i  of  S.  E.  i  sec.  36,  T.  65-3;  south  shore 
of  Mayhew  lake.     P.  169. 

176.  Lighter  colored  gabbro,  from  end  of  little  point  in  the 
8.  "W.  J  of  S.  E.  i  sec  36,  T.  66-3;  Mayhew  lake.    P.  169. 

177.  Magnetic  iron  ore  in  the  gabbro;  same  loo^ity  aa  No. 
176.     P.  169. 

178.  Decayed  gabbro;  on  the  line  between  raages  2  and  3, 
just  south  of  Mayhew  lake.    P.  169. 

179.  Magnetic  iron  ore  in  the  gabbro,  At)m  the  point 
crossed  by  the  line  between  sees.  31  and  32,  T.  65-2;  Iron  lake. 
P.  170. 

180.  Magnetitic  gabbro;  same  locality  as  Ko.  179.    P.  170. 

181.  Fine  mnscovado-like  rdck,  S.  E.  i  of  N.  "W.  i  sec.  4,  T. 
64-2;  Portage  lake.     P.  170. 

182.  Gabbro,  from  the  little  point  in  the  N.  W.  k  of  N.  B.  i 
of  N.  W.  k  sec.  12,  T.  64-2;  Pophir  lake.     P.  171. 

183.  Very  fine  gabbro,  a  condition  of  No.  182;  same  locality. 
P.  171. 

184.  Light  gray  gabbro  with  the  labradorite  collected  together 
in  spots;  S.  E.  t  of  N.  E.  i  sec  12,  T.  64-2;  Poplar  lake.    P.  171. 

185.  Gabbro,  from  hill  a  quarter  of  a  mile  north  of  Meeds' 
lake,  and  a  little  west  of  the  centre  of  sec.  16,  T.  64-2.     P.  172. 

186.  Aongh  Animike  slate,  N.  W.  }  of  N.  E.  I^  sec.  14,  T. 
64-2;  Meeds'  lake.    P.  172. 

187.  Gabbro,  S.  E.  i  of  S.  E.  i  sec  29,  T.  64-2;  north  shore 
of  Winchell  lake.     P.  174. 
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188.  Qoanie  gabbro,  from  the  point  crossed  by  the  line 
between  sees.  31  and  32,  T.  62-4;  sooth  shore  of  Winchell  lake. 
P.  174. 

*  189.    Gabbro,  from  the  blaff  in  the  N.  W.  i  of  N .  W.  i  sec.  31, 
T.  64-2;  south  shore  of  Winchell  lake.     P.  174. 

190.  Gabbro  holding  some  pinkish  feldspar,  20  feet  above 
Ifo.  189.     P.  174. 

191.  Altered  gabbro,  reddish;  ten  feet  above  No,  190.    P.  175. 

192.  Very  dark  syenite,  two  feet  above  No.  191.     P.  176. 

193.  Very  dark  syenite,  two  feet  above  No.  191.     P.  176. 

194.  Pine  pinkiah-gray  syenite,  just  above  No.  193.    P.  175. 

195.  Pinkish-gray  syenite,  jnst  above  No.  194.    P.  175. 

196.  Pinkish-gray  syenite,  from  top  of  blnff;  same  locality. 
P.  175. 

197.  Showing  change  from  gabbro  to  syenite;  same  locality. 
P.  175. 

198.  A  oondition  of  the  gabbro,  N.  W.  i  of  N.  W.  i  sec  31, 
T.  64-2;  Winobell  lake,  north  end  of  portage  to  Sham  lake. 
P.  175. 

199.  Altered  gabbro,  S.  "W.  i  of  N.  W.  I  sec.  31,  T.  6i-2; 
north  end  of  Sham  lake,  at  the  portage  to  Winchell  lake.  P.  176. 

200.  Pine  red  syenite,  S.  W.  i  of  N.  W.  i  sec  31,  T.  64-2; 
east  side  of  Sham  lake.    P.  176. 

201.  Altered  ga,bbro  (i),  S.  E.  i  of  S.  E.  i  see.  36,  T.  64-3; 
near  the  sonthwest  corner  of  Sham  lake.     P.  176. 

202.  Fine  red  syenite,  S.Ki  of  8.  W.  i  sec.  1,  T.  63-3;  west 
side  of  Lost  lake.    P.  176. 

203.  Dark  Biliceoos  trap,  S.  £.  i  of  S.  W.  t  sec.  12,  T.  63-3, 
eastside  of  bay;  BmU  lake.    P  177. 

204.  A  condition  of  the  gabbro  (f)  a  little  south  of  No.  203. 
P.  177. 

205.  Gray  feldspar  porphyry,  from  the  point  in  the  9.  B.  i 
of  N.  E.  i  of  N.  W.  1  sec  13,  T.  63-3;  Bral6  lake.     P.  177. 

206.  Dark  feldspar  porphry;  same  locality  as  No.  205.  P.  177. 

207.  Bed  qnartz  porphyry;  a  few  yards  south  of  the  lasL  P. 
178. 

207A.  A  darker  and  more  siliceous  condition  of  No.  207, 
near  the  contact  with  No.  208;  samrf  locality.    P.  178. 

208.  Pine  diabase,  in  contact  with  No.  207;  same  locality. 
P.  178. 

209.  Diabaae-like  rock,  inclined  to  be  amygdaloldal;  small 
island  in  the  a  E.  i  of  S.  E.  *  see.  18,  T.  63-3;  BruU  lake.   P.  178. 
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210.  Gabbro,  9.  W.  i  of  sec.  18,  T.  63-3;  lake  Georgia,  a 
short  distance  vest  of  the  porti^  from  BraI6  lake.     P.  179. 

211.  Dark  feldspar  porphyry;  lake  Georgia,  a  short  distance 
west  of  No.  210.     P.  179.  * 

212.  Trap;  near  its  contact  with  the  gabbro  (No.  213);  S.  E. 
i  of  S.  W.  1  see.  13,  T.  63-4;  north  side  of  lake  Georgia.    P.  179. 

212A.  Coarser  condition  of  No.  212,  farther  from  the  contact. 
P.  179. 

213.  Gabbro  in  contact  with  trap  (So.  212);  same  locality. 
P.  179. 

214.  Pine  red  syenite,  S.  W.  i  of  sec.  12,  T.  63-4;  Sur- 
veyor's lake,  on  the  portage  going  west  to  Found  lake.   P.  179. 

215.  Diabase,  8.  i  of  sec.  11,  T.  63-4;  hill  on  north  shore  of 
Found  lake.     P.  180. 

216.  Fine  red  syenite  holding  pieces  of  a  darker  rock;  S.  i  of 
sec.  11,  T.  63-4;  north  shore  of  Found  lake.     P.  180. 

217.  Gabbro,  S.  W.  J  of  N.  E.  1  sec.  11,  T.  63-4;  lake  Ida 
Belle.     P.  180. 

218.  Diabase,  8.  W.  i  of  K.  W.  1  sec  11,  T.  63-4,— just  east 
of  the  line  between  sees.  10  and  II;  lake  Ida  Belle.    P.  ISO. 

219.  Fine  diabase  from  dike  in  gabbro,  little  point  in  the  S. 
E.  1  of  see.  10,  T.  63-4;  lake  Ida  Belle.     P.  180. 

220.  Gabbro  cut  by  the  above  dike.     P.  180. 

221.  Fine-grained  rock  resembling  "muaoovado;"  N.  W.  k 
of  sec.  15,  T.  63-4,  near  the  line  between  sees.  10  and  15;  south- 
west of  lake  Ida  Belle.     P.  181. 

222.  Large  crystals  of  hornblende  from  vein  in  gabbro;  south- 
west of  lake  Ida  Belle,  near  tbe  last  locality.    P.  181. 

223.  Gabbro  rich  in  magnetite;  southwest  of  lake  Ida  Belle, 
near  the  last  locality.     P.  181. 

224.  Magnetite  from  the  gabbro;  N.  i  of  sec.  16,  T.  63-4, 
near  the  line  between  sees.  9  and  16;  southwest  of  lake  Ida  Belle. 
P.  181. 

225.  Fine  red  syenite,  east  side  of  entrance  to  the  small  bay 
in  the  N.  W.  i  of  N.  E.  {  sec.  10,  T.  63-^;  lake  Ida  Belle.  P. 
181. 

226.  Diabase  from  dike  in  gabbro;  same  locality  as  No.  225. 
P.  181.  ' 

227.  Gabbro;  same  locality.     P.  181. 

228.  Fine  red  syenite  underlying  the  gabbro;  north  side  of 
small  island  in  theN.  E.  Wf  8.  E.  t  sec  3,  T.  63-4;  lake  Ida 
BeUe.     P.  182. 
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229.  Dark  rock  cnt  by  veins  of  the  following;  hill  in  the  R 
i  of  sec.  3,  T.  63-1;  lake  Ida  Belle.     P.  182. 

230.  Fine  red  syenite  from  veins  in  I7o.  229;  same  locality. 
P.  182. 

231.  Shoving  contact  of  Nos.  229  and  230.   P.  182. 

232.  Pine  red  syenite  from  vein  in  gabbro;  S.  B.  i  of  sec.  35, 
T.  S4-4,  lake  Ida  Belle;  on  the  portage  going  north.    P.  183. 

233.  A  decayed  condition  of  the  gabbro;  8.  E.  i  of  N.  E.  i 
sea  26,  T.  i64-4;  vest  shore  near  the  north  end  of  Narrow 
lake.     P.  183. 

2331.  Muscovado,  If.  B.  i  sec.  33,  T,  66-4;  west  shore  of  Dra- 
per lake.     P.  184. 

234.  Fine  gray  syenite  anderlying  the  gabbro;  probably  in 
(he  S.  W.  i  of  sec.'  29,  T.  65-4;  on  the  portage  from  lake  No.  3  to 
lake  No.  4.     P.  184. 

236.     Oabbro  overlying  No.  234;  same  locality.     P.  184. 

236.  Mascovado;  same  locality  as  No.  234.     P.  185. 

237.  Fiae  gabbro,  probably  in  S.  i  of  sea  29,  T.  65-4;  from 
little  island  in  southern  part  of  lake  No.  4.     P.  185. 

238.  Magnetic  iron  ore  from  the  quartzyte,  8.  £.  i  of  S.  B. 
i  sec.  25,  T.  66-6;  sonth  shore  of  Flying  Cloud  lake,  near  its 
eastern  end.     P.  185. 

239.  Greenstone;  same  locality  as  No.  238.     P.  186. 

240.  Magnetic  iron  ore  from  the  quartzyte;  probably  in  the 
a.  E.  iof  a.  E.  4  sec.  2«,  T.  65-5.     P.  186. 

241.  Greenstone,  12  feet  north  of  No.  240.     P.  186. 

242.  Magnetitic  quartzyte,  just  south  of  No.  241.     P.  186. 

243.  Magnetitic  quartzyte  lying  on  No.  244;  probably  in  the 
N.  W,  1  of  N.  E.  *  sec  35,  T.  66-5.     P.  186. 

244.  Greenstone  jinderlying  No.  243;  same  locality.     P.  186. 
246.    Fine  gabbro,  from  the  little  point  in  the  N.  El.  4  of  N. 

R  i  sec.  14,  T.  64-7;  Shoo-fly  lake.     P.  186. 

246.  Gabbro,  west  side  of  the  small  lake  in  the  S.  W.  i  of 
sec.  13,  T.  64r-7.     P.  187. 

247.  Decayed  condition  of  No.  246;  west  shore,  near  the  sonth 
end  of  the  small  lake  in  the  S.  W.  i  of  sec.  13,  T,  64-7.     P.  187. 

248.  Olivinitic  iron  ore,  9.  B.  i  of  8.  W.  i  sec.  14,  T.  64-7; 
north  side  of  Fraaer  lake.     P.  187.      , 

249.  Coarse  hornblende  (t)  rock;  same  locality.     P.  187. 

250.  Olivinitic  iron  ore  in  No.  249;  same  locality.     P.  187. 

251.  Magnetitic  quartzyte  in  No.  249;  same  locality.   P.  137. 

252.  Olivinitic  iron  ore;  same  locality.     P.  187. 
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253.  Coaise  horQbl6Dde(t)  rook,  cot  as  mnch  decayedasXo. 
249;  same  localitj-.     P.  187. 

254.  Muscovado;  same  locality.     P.  187. 

255.  No.  24S  contalDiug  considerable  msgoetibe;  same  local- 
ity.    P.  187. 

256.  Same  as  ISo.  256  and  8howin£  a  piece  of  So.  254;  same 
locality.    P.  187. 

257.  Moacovado  from  northern  foot  of  the  ridge;  same  looal- 
ity.     P.  188. 

258.  Magnetitic  qnartzyte;  same  locality.    P.  188. 

259.  Magnetitic  qaartzyte  showing  banding;  same  locality. 
P.  188. 

.   260.    Showing  contact  of  the  qaartzyte  and  the  hornblende 
rock  (No.  249);  same  locality.     P.  188. 

261.  Pine  decayed  gabbro,  N.  W.  i  of  N.  E.  i  sec  23,  T. 
6*^7;  north  shore  of  Fraser  lake.     P.  188. 

262.  Olivintic  iron  ore;  same  locality.     P.  188. 

263.  Magnetitic  qnartzyte;  same  locality.     P.  188. 

264.  Magnetitic  qaartzyte,  showing  banding;  same  locality. 
P.  188. 

265.  Band  of  mt^netite  from  the  qnartzyte;  same  locality. 
P.  188. 

266.  Mnscovado-like  rock,  from  a  bed  in  the  qnartzyte;  same 
locality.    P.  188. 

267.  Olivinitic  iron  ore;  same  locality.     P,  189. 

268.  Large  crystals,  apparently  similar  to  No.  249,  bnt  con- 
tainiag  much  magnetite;  same  locality.    P.  188. 

269.  Oahbro,  N.  E.  ^  of  sec.  28,  T.  64-7;  a  quarter  of  a  mile 
north  of  Thomas  lake.     P.  189. 

270.  Moscovado  holding  irregnlar  blotches  of  a  light  colored 
feldspar;  W.  1  of  sec.  27,  T.  64-7;  north  shore'of  Thomas  lake. 
P.  189. 

271.  Hornblende  (I)  rock  similar  to  Nos.  249  and  253,  N.  B,  t 
of  sec  29,  T.  64-7;  north  shore  of  Thomas  lake.     P.  189. 

272.  Magnetitic  qnartzyte  showing  banding  on  weathered  sar- 
face;  (tame  locality.     P.  189. 

273.  Iron  ore,  apparently  almost  pure  magnetite;  same  local- 
ity.    P.  189. 

274.  Magnetitic  qnartzyte;  same  locality.    P.  190. 

275.  Same  as  No.  274.     P.  190. 

276.  Pink  gabbro  holding  small  quantities  of  what  appears 
to  be  a  red  oxide  of  iron;  east  side  of  the  long  bay  in  sec.  15,  T. 
63-7;  lake  Alice.     P.  191. 
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277.  Gabbro,  S.  E.  i  of  X.  W.  1  sec.  15,  T.  63-7;  east  shore  of 
Jake  Alice.    P.  191. 

278.  Qreen  chloritic  schist;  north  of  (^uiy  hoase,  Tower. 
Same  aa  No.  868  (N.  H.  W.).     P.  194. 

279.  Boagb,  scarcely  banded  jasper;  25  feet  below  the  sor- 
faoe;  Stone  mine,  Tower.     Same  as  No.  892  (N.  H.  W.).     P.  194. 

280.  Bed  jasper  with  darker  bands  of  iron  ore;  Stone  mine, 
Tower.     Same  as  No.  903  (N.  H.  W.).     P.  194. 

281.  Matrix  of  conglomerate  occnrring  north  of  the  Cady 
house,  Tower.     Same  as  No.  908  (N.  H.  W.).     P.  194. 

282.  Breccia,  now  converted  to  hematite  and  a  floury  white 
mineral;  Breitang  mine,  Tower.  Same  as  No.  916  (  N.  H.  W.). 
P.  194. 

283.  Black  or  pnrplish-black  clay  slate;  sonth  shore  of  Pine 
island,  Vermilion  lake;  a  few  feet  east  of  the  line  between 
ranges  16  and  16.     Same  as  No.  921  (N.  H.  W.).     P.  1»4. 

384.  Sericitic  schist,  rather  siliceous;  north  shore  of  Pino 

island,  Vermilion  lake;  on  the  line  between  ranges  15  and  16. 
P.  192.  ^ 

285.  Sericitic  schist;  Pine  island.     P.  192. 

286.  Green,  somewhat  sericitic  schist;  Pine  island.     P.  192. 

287.  Green,  somewhat  graywacke-like  rook;  Pine  island.  P. 
192. 

288.  Boogh  sericitic  schist;  Fine  island.     P.  192. 

289.  Green,  somewhat  chloritic  (t)  schist;  Pine  island.  P.  192. 

290.  Light  gray  argillaceons  slate;  Pine  island.    P.  192. 

291.  Coarser  and  rather  sericitic  condition  of  No.  290;  Pine 
island.     P.  192. 

292.  Coarser  and  rather  sericitic  condition  of  No.  290;  Pino 
island.  P.  192. 

293.  Coarser  and  rather  sericitic  condition  of  No.  290;  Pine 
island.  P.  192. 

294.  Light  gray  argillaceons  slate;  Pine  island.     P.  192. 

295.  Gray  argillaceons  slate;  Pine  island.     P.  192. 

296.  A  more  siliceons  condition  of  the  slate;  Pine  island.  P. 
192. 

297.  Gray  argillaceons  slate;  Pine  island.     P.  192. 

298.  Argillaceons  slate  showing  both  the  gray  and  black 
bands;  sonth  shore  of  Pine  island,  on  the  line  between  ranges  15 
and  16.     P.  192. 
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LiBT  OF  American  Publications  Between  1872  and  188» 
That  Have  Some  Relation  to  the  Ceystaixine  Rooks  of 
THE  Northwest, 

ThiB  list  of  publications,  while  embraciDg  most  of  those  is- 
ened  since  1S72  beariog  on  the  crystalline  rocks  of  MlDuesota, 
or  of  the  Northwest,  is  not  presamed  to  be  complete,  aod  it  is 
desired  that  geologists  who  discover  omissions  will  cotnmumcate 
with  the  writer  in  order  that,  in  w  future  report,  such  additions 
may  be  made  as  will  make  the  list  perfect. 

The  list  pf  papers  and  other  pnblications  prepared  by  Whit- 
ney &  Wadaworth  and  published  in  the  Bulletin  of  the  Museum  of 
Comparative  Zpology,  Cambridge  (Geol.  Series,  Vol.  L),  carried 
the  record  np  to  1880.  By  the  aid  of  that,  and  with  the  assis- 
tance of  Mr.  Geo,  H.  Barton,  of  the  Institute  of  Technology, 
Boston,  who  examined  some  serial  publications  that  could  not 
be  consulted  at  Miuneapolis,  the  catalogue  may  be  considered  to- 
embrace  meet  of  the  publications  of  American  geologists  on  the 
crystalline  rocks  of  the  central  and  eastern  portions  of  the 
United  Statra  and  of  Canada,  between  1872  and  1889.  There- 
are,  however,  some  important  serials  that  have  not  been  con- 
sulted. 

1873. 
BEIX,  BOBT. 

Report  on  tbe  conntiy  between  lake  Superior  and  lake  Winnipeg.     OeoL 
8nr,  of  Can.,  Report  of  Progreaa.     Mootreal,  1872-73,  pp.  87-llL 
BROOKS,  T.  B. 

Geological  Sorvey  of  Michigan,  with  maps,  1869-73,  i.;  Part  I.,  Iron-bear- 
ing Rocks,  319  pp. ;  Part  II.,  Copper-benring  Rocks,  R.  Pnmpell;  and  A. 
R.  Marrine,  143  pp.;  Part  III.,  Palsozoic  Rockg,  Charlee  Rominger,  106 
pp,;ii.,  296  pp.,  contoina  papers  by  Meases.  Brooks,  Jnlien,  Wright,  Jen- 
D(7,  and  Tattle. 
I>.\NA,  J.  D. 

On  the  Qoartzite,  Limtetone,  and  Associated  Rocksof  the  vicinitj of  Great> 
Banington,   Mass.,  Am.  J.  Bd.,  3d  Series,  Vol.  5,   pp.   i7-M,   87-91;, 
Vol.  B,  pp.  357-278. 
Vol  ni  — 30. 
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-FOSTEB,  J.  W. 

Andent  Mining  bj  the  Monnd-bailden  in  tiie  "  FrehiHtoric  Bftoes  of  the 
United  States."     Chicago,  1S73,  pp.  361-374. 
IHITCHCOCK,  C.  H. 

Claasiflcation  of  the  Rocks  of  N«w  Hampshire.    Proc  Boston  Soc.  Nat. 
Hiat.,  Vol.  15,  pp.  3(M-307. 
HUNT,  T.  8TERBY. 

The  Geology  of  the  North  Shore  of  Lake  SaperLor.    (SnpplementAij  !f  ote. ) 
Trsna.  Am.  Inst^  Min.  EDg.,  1873,  ii,,  58,  59. 
IBVTNG,  ROLAND  D. 

On  Bome  points  ia  the  Geology  of  Northern  Wisconsin.     TTaos.  Wise; 
Acad.  Sci.,  1873-74,  ii.,  107-119. 
JUARVINE,  A.  K. 

Geology  of  Michigan.    Part  II.,  1873. 
Jf  ICHOLSON,  H.  ALLEYNE. 

On  the  Geology  of  the  Thunder  bay  and  Shabendowan  Uining  Districts  on 
the  North  Shore  of  lake  Saperior.    Qnart.  Joni.  Geol.  Boe.,  1673,  xxii., 
17-84. 
PUKtPELLY,  RAPHAEL. 

The  Paiageneeis  and  DeriTation  of  Copper  and  its  Aqsociatee  on  lake 
Superior.  Ann.  Jonr.  ScL,  1873  (3),  iii.,  188-198,  243-258,  347-353; 
Leonhard's  Jahtbnch,  1873,  pp.  538-640;  Geol.  of  Michigan,  Part  II., 
1873.  , 

-SELWYN,  ALFRED  B.  C. 

Notes  of  a  Geological  Beconnoieeauce  ftom.  lake  Saperioi  to  Fort  Gaiiy. 
Geol.  Sarv.  of  Canada,  Beport  of  Progress.    HoDtreal,  1872-73,  pp.  S-18. 
WHITTLESEY,  CHARLES. 

On  the  cause  of  the  Transient  Flactnations  of  Level  in  lake  Saperior. 
Proc  Am.  Assoc.  Adv.  ScL,  1873,  zxii.,  Part  H.,  42-46. 

-WINCHELL.  ALEXANDEB. 

The  Disgonal  System  in  the  Physical  Peatarw  of  Michigan.     Am.  Joor. 
Bci.,  1873  (3),  vi.,  36-40. 
T7INCHELL,  N.  H. 

Geological  and  Natural  Histoiy  Survey  of  Minnesota-     Firat  aunoal  report, 
113  pp. 
-WING,  A.  T. 

CoDCemtDg  the  Spontaneous  Hovemenla  and  FntctDres  of  Bock,  at  Qnarry 
of  W.  N.  Flynt,  Honaon,  Mass.  Proc.  Bost,  Soc  Nat.  Hist,  VoL  16,  pp. 
41-43. 

1874. 
-ALLEN,  J.  A. 

Metamorphism  Produced  by  the  Baming  of  Lignite  Beds  in  Dakota  and 
Montana  Territories,     Proc.  Boston  Soc.  Nat  Hist,  Vol.  16,  pp.  24S- 
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SROWN,  A.  J. 

The  Formation  of  Fiaenres  Nid  tbe  OrigiD  of  Their  Hineral  CoDteotB. 

TrBDS.  Am.  Inst.  Min.  Eog.,  1874,  ii.,  215-319. 

JOANA.  JAMES  T>. 

Ulnnal  of  Geology,  New  York,  lat  ed.,  1663,  BOO  pp.;  2d  «d.,  1874,  828 
pp.;3ded.,  1880,  911pp. 
TWUGLAS,  JAMES. 

The  Native  Copper  Mines  of  lake  Sapeiior.  Quart.  Jour.  Sci.,  1874,  zi., 
162-180;  Canadian  Nat.  and  Geol.,  1B74  (2),  Tii.,  318-336. 

IRTING,  ROLAND  D. 

On  the  Age  of  the  Copper-beAring  Bocks  of  take  Superior;  and  on  the 
Weetnard  Continnation  of  the  lake  Superior  SjnclinaL  Am.  Jonr.  8d., 
1874  (3),  viii.,  46-66. 

Xie:  conte.  u.  Ii. 

On  Coradte,  a  new  ore  of  tJianinm.    Am.  Jonr.  Sci.,  18T4  {2},  iii.,  173- 
175. 
M'KELIiAR,  PETER. 

Mining  on  tbe  North  Shore  of  Uke  Snperior.    Toronto,  1874,  26  pp. 
If EWBERRY,  J.  S. 

The  Iron  BaBonic«aaf  the  United  Statee.     Int«matiDnal  Review,  1874,  ii., 
754-780. 
Jf  ICHOLSON,  H.  ALLEYNE. 

On  the  Mining  District  on  the  North  Shore  of  lake  Superior.     Trans,  of 
North  of  England  Inst,  of  Min.  and  Medi.  Eng.    Newca«tle-on-Tyne, 
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Publtahsd  111 

the  Recent!'  Beport  fo 

MimraoTi,  1 

FOB  THE  VUK  1ST5.  . 

PTTBLICATIOirS  OF  THE  QEOIX)GI0AL  AND  NATURAL- 
HISTORY  SURVEY  OP  MINNEBOTA. 


I.   AKNUAI.  REPORTS. 
Thb  Fart  Amvii.  Rbpokt  ok  tbb  Qbolooicil  ivn  N&tubil  Eibtobt  Suhvby  op  Ifnnra- 
•mi,  ma  THE  THAB  1872.    112  i^,  Sto.;  >Itb  > Mlored  map  orihe  ttMe.    hjX.If.  WhieA4a.- 
t  Fnbllilied  In  tlie  Keganta'  Beport  for  \«n.    Second  edition  Idanlloil. 

TkkBiCOBD  AKHUAL  RePOBT  on  THB  OEOLOSICU.  and  NATnBAl.HlSTOBVSU*VBTO?HlNI>B- 

soTA,  roB  THE  YEAB  18?B.    IW  pp.,  Btd.;  villi  llliutnitloai.    Bt  /T.  B.  WIneM  >Dd  A  ^, 
Faetham.    Published  Id  Cbe  B^«nU'  Beport  for  IS73.    Out  orprlnt. 
Tub  Tbibd  Aviiuil  Bepobt   ok   the   Oeolooical  uid  NiTiraiL  Hibtobt  Subvet  or 
MivNESOTA,  n>B  THB  TEAB  181*.    «  pp.;  810.;  wlth  two  oonnty  nupa.    Bj  If.  B.  mnchM. 

IICAL    iHD    NiTUHit,    HlSTOBY    SCBVET    OP 

3.;  with  four  coantj  mmpa  and  m  number  of  ' 
otb«r  IlloitraUoni.  By  S.  B.  WimAiU,  aaslaiod  bj  B.  W.  BarringUn.  Alao  In  the  Regenta. 
BepoTt  for  IS75.    Dot  of  print. 

Tub  Fifth  Annual  Rbtobi  on  the  Oeolooical  add  Matubai.  Histobt  Subvev  of 
XuiNBSOTA,  roB  THB  YKAB  18TE.  IM  pp.;  gTo.;  rour  colored  mapa  and  leTeral  oilier  nJu». 
tratloill.  Br  S.  H.  nfnsAcJI;  irlth  reports  on  Chemistrj,  by  S.  F.  PeelAaa:  Ornltbologir  by 
P.  L.  miXclii  Entomology,  by  .^Ufli  WhUmm:  and  on  Fnngl,  by  A.  B.  Joftnion,  Alao  In  the 
Eegents' Beport  for  1876.    Out  of  print. 

Thb  aiiTR  Annuai.  RaroBT  oh  the  Gkolooical  ahd  Katobai.  Histobv  Subvey  of 
HiNNESOTA,  FOB  THE  lEAB  1877.  ZZS  pp.;  8to.;  tbree  geological  m^ia  and  eeTeriJ  other 
llluatrBllons.  By  K  B.  Wiitthdl;  with  reporia  on  Chemical  Analyses,  by  S.  F.  Pakham;  on 
Omltholfvy,  by  P.  L.  BiUek;  on  Entomology,  by  AUem  WMIaiani  and  on  Geology  of  RIee  - 
nKinty,by  i.^.^ierry.    Alao  In  Ihe  Regents' Report  lOr  18TT.    Outof  print. 

Thb  Siveitb  Annuai.  Bepokt  oh  the  OEouraiCAL  and  Natdbal  Histobi  Sdbvbt  Of 
MnrBBSOTA,  MB  THB  TBAK  ISTg.  128  pp.;  8to.,  wllh  twenly-oneplatea.  Bj  B.  B.  mnc/itU; 
with  a  FleM  Report,  by  C.  W  Ball;  Chemical  Aoalyaee,  by  S.  F.  Ptcklum;  Ornithology,  by 
F.L.Baldi;  %  llat  of  the  Flanta  o(  llie  north  shore  of  lAke  Superior,  by  B.Junt;  and  an. 
Appendla,  by  C  £.  Brrrict  on  the  Ulcroecoplc  Entomoatraca  of  Minnesota,  twenty-one 
plaka.    AlsointheRcgenU'Bepoit  for  1878.    Out  of  print. 

The  Eiohth  Ahvual  Rbpobt  oh  thb  Oeolooical  and  Hatubal  Bibtobt  Bubvby  or 
IliRBEaoTA,  FOB  THE  YKAB  18Tfl.  ISSpp.,  Sto,  One  plate  ICsstoroldes).  ij  S.  B.  WiniAtU. 
Containing  aitatement  of  the  metboda  of  Mlcroaooplc  Lllhology,  a  dlsoonlon  of  theCuprU. 
enwa  Seriua  In  Minnesota,  and  desorlptlona  of  new  spedaa  of  braehlopeds  from  the  Tren- 
ton and  Hudson  Blier  formatloiu;  with  reports  on  the  Geatogy  of  Central  and  Wealera 
MlnDeaota,  by  Warm  Upham;  on  the  Lake  Superior  r^lon,by  C.  W.Bail;  Hits  of  Birds 
and  of  Plants  m>m  Laks  Superior,  by  Thomai  S.  Roba-U:  Cbemhail  Analysee,  by  S.  F.  Pieh- 
iam;  Kmpoiibj  P.  l^Balehi  and  four  AppendliM.  Also  In  Ibe  Begenta' Beport  for  i STB  and 
1880.  Oat  of  print. 
The  Hurm  Annual  Bepobt  ok  the  Obolooical  and  Natubal  Hibtobt  Svbvey  of 
UiHREsor  A,  FOB  THE  Ybab  1880.  8B2  pp.,  8to.;  three  Appendlxea,  two  wood  cut  illustn- 
UODB  and  six  plates.  By  «.  B.  WinchiU.  Containing  field  descripilons  of  Ml  oryslBlilne 
rockia  uplea,  and  notsa  on  their  geological  relallooa,  from  the  notthara  part  of  theatate, 
new  brachlopoda,  the  water  supply  of  the  Red  Rlier  Tslley,  and  ilmpie  teala  of  the  qualltlea 
of  water;  with  reporUon  Iha  Upper  Ulssinippl  region,  by  O.E.  Ortrrimm;  on  (be  Hydrology 
of  MInneeota,  by  G  Jf.  Ttrry;  on  theOlaclal  Drift  and  fUTermlnsl  MonUnea,  by  Wamrn 
Vfham;  Chemical  Analyaea,  by  J.  A.  Dodge;  a  list  of  the  Birds  of  Minnesota,  by  P.  L. 
Baith;  aad  of  the  Winter  Birds,  by  ThmuuS.  BobtrU.  AIM  In  the  Regents' Beport  ioc- 
mtandlSSO.    OutofpHni, 
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THK  TBtTTU  AltKUiL  KSPOIT  OH  IHK  SBOtOOlOil.  ilTDiKiTDBAI.  HlHIOlT  S(»VKT  OF  UlVKK- 

SOTl,  FOB  THE  TBAB 1S81.  XM  pp.,  Sto.;  wltb  tan  Wind  eat  tllutntloiu  ud  flftMn  pUto. 
Br  A',  ff.  mafMl  ConUlnlng  field  dacclpUoii*  oT  mboui  toDi  hugdnd  rock  sampln,  utd 
nolea  on  their  gsologlcal  nliUau,  oontlnnwl  from  Ui«  laat  npoit,  the  Potadun  HoditoiH; 
tTplal  thin  Bctlooi  of  IbernikBaf  the  Caprlferoiu  Serli^  mod  tha  d«ap  well  at  (ha  "C" 
Wnahbeni  mill,  Uiaaeiipollii  with  Oeologlail  nolai,  bj  J.  H.  Kleat;  Chamical  AnaljM*,  itj 
J.  A.  Dodgt;  and  papare  oa  the  Crtutaoet  of  Che  Tregb  waian  of  Mlniximti,  eleien  platci^l^ 
a  L.  Onrieli.    Al»tD[haBe(eDW'Beparttbrl5«t*iidl382: 

TBI    ELtVSKTH  AMKcai.    BlFOBT    OK    THE  OSOLOOIUL  AHD  KxTI.'KlL  HnTOET  BchTEV  OP 

UnfHESOTl,  FOR  THE  VUI 1S8L  319  pp^  Bto,;  with  threa  vwd  cut  lUulntlaDi  ud  one 
plate.  Bj  Jf.  S.  WttuAtU.  Contalnlpga  npenon  theUlaeralogr  of  IIlDnewila,andB  note 
on  Ihaageof  Uia  rookaoT  the  -Mwabtand  Vermilion  Iron  dlitrlcU;  with  papen  on  thecrye- 
Ulllna  roeki  of  UlnneK>ta,  bf  A.  Srmg  and  J.  Jf.  JTlMnon  rock  milorope  la  Central  Ulniw 
KiU  and  on  I^ke  Agueii,  b;  Warm  Upham;  on  the  Inn  reglan  of  Nonbern  Hinnaota,  by 
Atbtri  B.  C*tiitr:  CbBinlcal  AatijtBi,  bj-  J.  A.  Dodge;  and  an  Appendix  oontalnlng  Mlnne- 
nu  tawi  relating  to  Uln«  and  Mining,  alatraeiej  bf  C  L.  Harriot.  Alee  In  tha  Besenu' 
Report  for  lUI  and  1SB2. 
TTUE  TWKLmi  Ahhuii,  Bkpost  oh  the  QEOLOOicaL  kin  Nitdeal  Hutokv  Hhivey'of 
UiNiinori,  TOE  IBETUE  IBSS.  Bummarr lepon.roontalnlDg  paheontological  noteB,aDd 
a  p^iar  on  (be  coaiparaLlTe  alrangtfa  of  Hlnneaota  aod  New  England  Ersnllo,  tweaty-ali 
p^ea,  b]r  N.  H.  WiJichnU;  final  report  on  (be  Cruatacea  of  Mlnntaola,  Inaludad  In  the  orden 
Cladocera  and  Copepoda,  1B3  pagea  and  30  ptatea,  hj  C  L.  Serriek;  and  a  catalogue  of  tha 
flora  oC  Hlnneaota,  IDS  pagea,  with  ore  map  abonlng  the  foreet  dfitributlon,  \ij  WBrram 
a'  Report  tbr  1BU  and  1881.  , 

EF0E1    ON    THE  OEOLOOICAL  AND  KaTi:BAL    HiSTOET  SttK^'Kr 

OF  MiiHKBini,  FOB  THE  VBaB  IMi.  IM  pp.  Oeologloal  noonnoliaancea,  tha  TarmUlon 
Iron  area,  the  crrUalllnr  rocke  of  WnoMOta  and  of  the  Nortfaweat,  the  Hamboldt  aall-well 
to  KIttMn  eountr,  raoorda  of  Tarloui  de^  walla  In  tha  atata,  foaalla  Tram  tha  rad  qaartirle 
at  PIpeilone,  reporta  on  the  Kew  Orleaoa  Eipoalllon  and  on  the  Oenenl  Muaeum,  b;  H.  H. 
mnehell;  Gaologr  of  Minnehaha  coiintj,  Dakota,  by  WaTen  Up>an;  Chemloal  report, br 
Prrif,  Jot.  A.  Dodge;  Minnnota  geoffaphlcal  namea  derived  from  the  Dakota  language  bj 
Prvf.  A.  W.  WUIiawuiM;  Inaeola  injurlona  to  the  cabbage,  by  0.  W.  OftUmJ;  (ieolo|tlcBl  nolea 
in  Blue  Earth  oounty,  bj  Pnif.  A.  F.  BtcMaU;  and  on  a  Caaall  elephant  (torn  Stookton,  by 
Pn^.  JsAa  /fsteiaper;  papen  on  tlie  Oetacaoui  fooUa  In  the  boulder  elaie  In  tbe  Kortbwtat, 
b;  Oaorga  Jf.  Awvoii  and  bj  Waodaard  and  Tkonuu;  and  notea  on  the  Mammala  of  Kg 
Etone  lake  and  ildnltj,  bj  C  L.  Berrlek. 

Tub  Fol'btkemth  AxnaL  Bepobt  ok  the  QiaLOiiiciL  akd  MaTOEaL  Histoet  Soetet  or 
MiNMKaoTA,  FOB  TtiE  TUB  tSSS.  SM  pp.;  IwD  platoa  of  Itmlla  and  two  wood  oQia.  By  AT. 
a.  WintMl.  Containing  anmmarr  report,  nota  on  aome  deep  wella  In  Ulnntwila,  deaerlp- 
tlona  of  four  new  apeclee  of  foealla,  a  auppoeed  natural  alloy  of  oopper  and  allTer  from  the 
north  ihore  of  Lake  Superior,  and  nrlalon  of  the  atratigiaphy  of  the  Cambrian  la  Hinne- 
BOta,  with  the  following  papera  bf  aaalatanta,  via. :  liat  of  f be  Apfaldldae  of  Mlnnaaola,  with 
deecrlpUooa  of  aume  new  apeclea  by  O.  W.  Oataumt;  Beport  on  tha  Lower  Siberian  Bryoaaa. 
with  preliminary  deacrlptlona  of  aome  new  apeclea  by  K  O.  tTrtek;  CoDchologlcal  note*,  by 
U.  S.  Oranf ;  BlbHography  of  the  PoraialDirera,  recent  and  foeill,  by  AitOtrng  Waodwari. 

The  Fiftbbhth  Avsau.  Bkpobt  ok  the  Qkolooical  abd  NiruaiL  HisToni  Suhyki  of 

the  text,  and  two  colored  raape;  embnclng  reporteon  obeemtlon*  on  the  cryttalirna  roeha 
In  tha  northweateiD  part  of  iba  atatc,  by  AUiandrr  Winchetl,  N.  H.  WiiuiKM  and  B.  V.  ffin- 
Oieli;  Cbemlcalrqwrt  by  iV^.J..^.  A>d^;  additional  railroad  aleTatloni  by  JT.  ff.  Wintkett; 
llat  of  Mlnneaola  geograpblcal  namea  derived  fnm  the  Chippewa  Innguage,  by  Rn.  J.  A. 
OOflUan,  and  nolea  on  tllwiil,  deecrlbing  throe  new  gpecia,  tiy  J«g,  F.  Foenu.  Alao  a* 
aupplement  II  of  the  Begenta'  Beport  for  1M7-ISB8. 
The  Siitkkkth  Akmual  Bkfobt  on  the  Geoukhcil  hid  HaTOaiL  Bistori  Sdbvet  of 
Mi.MiEaoT*,  FOBTiiK  VKAB  18S7.  Ml  pp.:  Sto.j  two  pllUa  and  83  Other  iUunratloni.  Con. 
talna  reporia  on  the  origlual  Huronlmn  area,  tha  Uarquette  Iron  raglob,  on  tha  Gogebic  and 
Penokee  Iroo-hearlng  rooka,  on  the  fOrmallona  of  Nonhaaalern  MlnneHiU  (Including  the 
physical  aapecta,  vegetation,  <;uadrupeda  and  olher  TertebraleaJ,  the  geology  of  the  ref  Ion 
northwert  from  TarmilllonUkcloBalnr  lake  and  of  the  Little  and  Big  Fork  TlTara;  alio 
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Vol-  I  or  THE  FiniL  Rxpost.  Isn-lWl.  xIt.  mod  «S7  pp., 
tHudiraaguiH.  Bj ir.H.mMlMI,  tailMbj  Warm  C^Snm. 
ConUiDlug  in  hlnoHoU  iketcb  gf  ciplarmtlaog  aiiiKuTitTth  HlTiDeHta,the  genanl  ph7Bl- 
(^  ftelnrH  or  Ihedalf,  the  building  at0D«i,*ad  IheOMlOB]' of  UaaitaD.WInDiii.FllliiiDn, 
Haver,  Fnebors,  Pipcatwie,  Bock  ud  Bloe  countla,  hj  K  B.  OTnaAaU;  tbe  Oeologr  >' 
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THE  IJKIVER8ITT  OF  MINNESOTA. 

Minneapolis,  March  3, 1890. 
To  the  President  o/ihe  Univeraity. 

Dear  jSib:  With  the  roTiod  of  another  year  I  herewith  report 
the  profjreBB  made  in  the  geotogioat  and  natural  history  sarrey  ot 
the  state.  During  the  year  there  has  been  considorabfe  internip- 
tiou  incident  to  the  remoTal  and  installment  ot  the  mnseom  and 
Borrey  headquarters  in  the  new  Science  Hall.  This  vas  aggra- 
vated by  the  fire  which  anfortanately  broke  oat  in  the  building  in 
the  latter  part  of  December,  and  which,  while  not  congnming  much, 
yet  so  damaged  the  rooms  and  their  contents  that  it  neoewitated 
the  renovation  of  the  entire  bnilding,  and  the  cleaning  of  most  of 
the  speoimens  and  apparatus.  This  report  gives  an  idea  of  the 
progress  that  is  being  made  in  the  intricate  geology  ot  the  north- 
eastern  part  of  the  state,  and  of  the  economic  resonrces  that  are 
being  developed  there.  That  part  which  discusses  the  iron  ores  of 
the  state  is  planned  to  be  published  as  a  separate  bulletin  of  the 
snrvey. — Balletin  No.  6.  It  is  accompanied  by  namerons  illus- 
trations and  a  geological  map. 

BeepeotfuUy,  yonr  obedient  servant, 

N.  H.  WiNCHELL, 

State  Qeologiat  and  Curator  oftke  General  Museum. 
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SUMMABY  StATEMEMT   FOB  1889. 

There  was  not  mnoh  field-irork  dooe  in  1889.  This  was  dae  to 
the  ohaoge  from  field-work  to  office  and  laboratory  work  which  was 
annoanced  in  the  last  annnal  report  incident  on  the  commencement 
of  the  final  report  on  the  northern  part  o(  the  state.  Id  July,  how- 
ever, a  special  reconnoiaaaooe  wag  made  of  the  iron-depoaits  and 
the  mines  at  Tower  and  Bly,  in  order  to  get  some  details  of  the 
relations  of  the  ore-bodiea  to  the  conntry  rock  as  developed  abont 
the  works,  and  of  the  methods  of  mining  and  transportation.  In 
some  directions  this  review  was  extended  into  the  anrroimding 
oonfttry  whenever  there  was  promise  of  new  facts  either  economic 
or  scientifio.  This  re-examination  resulted  is  the  acquirement  of 
of  many  intereeting  fante  of  detail,  and  in  the  eetabliehment  or  the 
rejection  of  some  hypotheees  as  to  the  origin  of  the  ore  bodies,  and 
the  genetic  history  of  the  rooks  embracing  them.  It  was  thought 
that  with  the  light  of  the  field  observations  made  daring  the  pre- 
vions  three  years  fresh  in  mind,  and  with  all  the  known  theories  of 
the  ore  and  of  the  general  geology  that  had  been  proposed  whether 
by  the  Minnesota  survey  or  by  others,  immediately  and  continually 
nnder  test  and  application,  each  a  careful  investigation  would  be  a 
valnable  preparation  for  the  discussion  of  the  crystalline  rocks 
which  was  contemplated,  and  especially  for  the  exposition  of  the 
iron  ores  contained  in  Bulletin  No.  6.  This  review  was  made  in 
conjnnction  with  Mr.  H.  Y.  Winoliell;  and  inasmuch  as  the  pro- 
gress of  the  investigation  here,  as  elsewhere,  has  been  frequently 
the  result  of  onr  joint  work  and  mutual  oo-operative  study,  the 
bulletin  devoted  to  the  iron  ores  herewith  transmitted  baare  onr 
joint  authorship. 

Within  the  paet  year  two  other  bulletins  have  been  published, 
viz..  Natural  6<ts  in  Minnesota,  and  The  History  of  Geological 
Surveys  in  Minnesota. 

The  Legislature  of  1889  failed  to  make  provision  for  the  publica- 
tion of  the  two  final  volumes  of  the  survey  report  referred  to  in  the 
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last  BDoaal  Btatement.  This  failare,  hoTever,  was  not  daa  bo  maoh 
to  iodiffereDoe  on  the  part  of  the  Legislature  as  a  wboln,  ae  to  the 
QDfriendly  muiipalation  o£  eome  of  the  oommitteee,  and  the  neg- 
lect of  the  pablio  officials  having  is  charge  the  estimates  and  rec- 
onunendatione  for  the  current  expenses.  The  reports  of  the  sarrey 
were  eagerly  sought  by  all  the  legislators,  both  for  themselves  and 
for  their  friends.  They  were  aggrieved  when  they  fonnd  that  by 
law  this  distribntion  was  not  wholly  gratuitous  and  instant,  and 
they  desired  the  publication  of  the  final  votames  as  fast  as  they  can 
be  got  ready.  The  bill  for  a  law,  however,  making  provision  by  a 
money  appropriation  for  the  printing  of  the  manoscripts  now  on 
hand  was  delayed  by  the  chairman  of  the  committee  having  it  in 
charge  until  it  was  too  late  to  get  the  appropriation  allowed  by  the 
general  finance  committee  and  acted  on  by  both  houses  of  the  Leg- 
islature. The  same  will  be  offered  tor  publication  at  the  nett  ses- 
sion of  the  Legislature  (1891). 

In  the  summer  of  1889  the  museum  and  all  the  paraphernalia  of 
the  survey  were  removed  from  the  "main  building"  of  the  Univer- 
sity, where  it  has  been  located  since  1872,  to  the  new  Science  Hall. 
The  building  was  not  yet  completed,  but  the  removal  had  to.  be 
made  to  give  opportunity  to  fit  the  old  rooms  for  other  use  prior 
totheopeningof  the  fall  term  of  Ihe  University.  The  building  was 
nearly  finished,  and  some  work  had  been  given  to  the  museum  and 
to  the  equipment  of  the  various  rooms,  and  plans  had  been  entered 
upon  for  office  and  laboratory  work,  when  another  interruption  was 
suffered  (Dec  — )  by  the  (supposed)  spontaneous  starting  of  a  fire 
in  the  engine  room,  where  painters  had  been  at  work  with  naphtha 
and  white  lead.  This  kept  the  survey  work  largely  in  abeyance 
till  about  Feb.  15,  1890,  when  the  building  had  been  again  suffi- 
ciently restored,  and  the  damaged  rooms  renovated,  to  permit  of 
their  regular  occupancy.  Thus  it  will  be  seen  that  the  work  of 
more  than  six  months  has  been  so  broken  and  unsatisfactory  that  it 
will  not  permit  a  very  cheerful  view  to  be  taken  of  the  aggregate 
progress  of  the  year.  Still,  anless  some  other  unfavorable  canee 
interfere,  the  commodious  rooms  now  occupied  by  the  survey  for 
office,  drafting  room,  laboratories,  museum  and  storage,  will,  when 
fully  equipped  with  apparatus,  and  the  library  with  reference  books, 
warrant  the  expectation  that  the  nicer  researches  that  remain  to  be 
done  in  order  to  "finish"  the  survey  of  the  state,  will  go  forward 
with  ease  and  dispatch. 

The  Museum  now  needs  replenishing.  The  room  that  is  given  to 
it  is  more  than  four  times  as  large  as  that  which  it  ooonpied  in  the 
other  building,  and  nnmerous  new  cases  onght  to  be  oonstmoted. 


>vGoo»^lc 


QTA.TE   OEOLOQIST.  5 

This  is  trae  p&rtionlarly  of  the  zoological  oolleotions,  vhicli  hare 
been  pat  in  the  special  ohai^e  of  professor  iXaolitrieb.  In  the 
geological  mnseom,  while  the  old  cases  have  been  refitted  and  made 
to  answer  tor  the  present,  there  is  a  need  of  mineralogioal  speci- 
mens and  there  will  be  soon  need  of  other  oases  tor  exhibition. 
Some  of  the  apeoimens  of  the  Kanz  ooUeotios  purchased  in  1S76 
have  been  lost  Many  of  them  are  permanently  removed  from  ex- 
hibition in  the  moseom  and  sttnred  in  the  geological  leotnre  room. 
Indeed  many  of  the  nniqae  and  attractiTe  specimens  formerly 
kept  in  the  mnsenm  for  exhibition  have  been  missing  from  their 
places  from  that  cause  for  some  years,  and  some  have  been  badly 
damaged.  The  mineral  oolleation  has  thus  inevitably  deteriorated, 
and  ooght  to  be  replenished  by  ooossioual  porohase.  Of  coarse 
donations  aid  in  keeping  the  collections  (L  e.  the  oases)  apparently 
fall,  bat  donations  do  not  supply  first- class  material. 

State  Park.  I  wish  to  cfJI  the  attention  of  the  regents,  and 
through  their  report,  the  attention  of  the  public  and  the  Legislatore 
to  the  propriety  of  asking  a  reservation  of  land  for  a  state  park  in 
some  secHoQ  in  the  northern  part  of  the  state.  The  geographic 
positon  of  Minnesota  is  on  that  border  land  which  exhibits  the 
transition  of  the  forested  area  into  the  prairie.  It  hence  preserve 
tbetaunal  and  floral  characteristic  of  both,  and  within  its  territory 
must  be  studied  by  naturalists  the  mutual  modifications  and  inter- 
changes which  the  near  neighborhood  and  contact  of  different  phy- 
sical features  always  imprint  on  the  native  vegetation  and  animal 
life  found  therein.  By  settlement  and  long  habitation  the  natural 
conditions  are  destroyed  and  the  natural  laws  that  oould  perhaps 
be  discovered  by  an  examination  of  them  in  their  original  state, 
are  never  known.  Hence  as  long  asthe  natural  conditions  exist 
the  state  of  Minnesota  will  be  visited  by  students  and  collectors 
interested  in  natural  science  for  the  purpose  of  investigation,  and 
this  will  bring  Minnesota  into  prominent  recognition  in  scientifio 
literature  and  secondarily  into  scientific  and  economic  research.  It 
hence  behooves  the  State  to  preserve,  to  such  extent  as  may  be 
found  desirable  and  feasible,  these  natural  and  aboriginal  condi- 
tions, and  for  this  purpose  there  is  no  better  method  than  to  re- 
serve from  sole  and  settlement  some  considerable  tract  where  they 
may  not  be  destroyed. 

Again  the  state  should  have  a  large  public  park  beoaose  of  the 
healthful  resort  that  it  outd  afford  for  those  living  in  cities,  and 
for  those  who,  coming  &om  further  south,  seek  in  summer  the  in- 
vigorating effect  of  northern  latitudes.  The  attractions  of  a  multi- 
tude,of  lakes,  rivers  and  rivulets  of   limpid  and  pure  water,  ore 
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confined  in  the  United  States,  to  the  northern  tier,  where  the 
tumnli  of  the  glacial  epoch  formed  the  depressions  and  natural 
reserroirs  of  gravel  and  sand,  sach  as  mark  its  moraines  from 
Maine  to  Minnesota.  In  Dakota  these  lines  of  tnmnli  psss  across 
iha  prairies  northwestward  to  the  line  of  British  America  and  do 
not  return  again  sensibly  within  the  United  states.  Hence  it  is 
within  Minnesota  that  exists  the  last  opportunity  to  preserve  the 
pristine  conditions  of  that  unigne  combination  of  physical  and 
faonal  relations  which  alike  distingoiahes  them  from  all  other 
natural  surface  conditions  in  the  United  States,  and  has  attracted 
to  them  always  the  ventnresome,  wandering  explorer,  the  artist,  the 
geologist,  and  the  hardy  frontier  settler. 

This  pork  should  be  located  either  in  the  region  northeast  of 
lake  Saperior,  enclosing  some  of  the  rock-bordered  and  rock-bot- 
tomed lakes  that  are  a  natural  cariosity  to  every  traveler,  or  in  the 
area  about  the  head  waters  of  the  MississippL  General  J.  H.  Baker, 
when  surveyor-general  of  Minnesota,  some  years  ago,  urged  that  such 
a  park  be  established  on  the  international  boundary  line  north  of 
lake  Superior,  and  specified  the  region  of  lake  ^aganaga.  Since 
then,  the  region  of  the  Itasoan  source  of  the  Mississippi  river  has 
come  into  prominence,  and  it  has  served-  as  the  topic  of  several 
explorations  and  new  "journals,"  which  have  given  it  already  a 
renown  equal  to  the  earlier  historic  interests  that  ding  to  it  since 
the  days  of  Lieut.  Allen,  of  H.  B.  Schoolcraft  and  Jean  NieoUet. 
Theee  artificial  elements  enter  strongly  into  the  question  of  mak- 
ing the  selection  for  a  state  park,  and  bear  heavily  in  favor  of  the 
sources  of  the  Mississippi  for  such  a  selection.  There  is,  fortu- 
nately, a  perfect  exemplification  of  the  natural  surface  features 
that  characterize  the  glacid  moraines  of  the  state  within  a  few 
miles  of  the  Itasca  lake,  and,  indeed,  they  give  outline  and  locatioo 
to  the  entire  Itasoan  basin,  and  would  thus  serve  to  embrace, 
within  easy  access  or  in  combination,  both  the  natural  and  the 
artificial  considerationB.  This  region  is,  moreover,  remote  from 
lake  Superior,  and  its  attractions,  by  contrast  with  the  surround- 
ing country,  would  be  hightened  in  the  mind  of  every  visitor. 
Whereas,  in  the  northeastern  part  of  the  state,  lake  Saperior  and 
its  attendant  waters  and  surrounding  hills,  dominate  the  district,eo 
that  no  selection  could  be  made  whoee  attractions  would  rise  above 
those  of  the  great  lake  itself. 

It  is  presamed  that  there  would  be  no  difficulty,  whether  in  the 
northeastern  or  the  northwestern  part  of  the  state,  or  even  in  both, 
in  getting  the  consent  and  cooperation  c^  the  United  States  govern- 
ment by  the  withdrawal  of  the  lands  concerned  from  the  market. 
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tnd  perhaps  of  007  privatft  partiea  irho  may  hard  received  some  of 
the  lands  from  Uie  United  States,  or  from  the  State  of  Minnesota. 
At  any  rate,  no  time  shoold  be  lost  in  entering  npon  the  project, 
beoaoseof  changes  and  iDcreased  difBonlties  that  vill  render  it 
impossible  not  many  years  hence. 

The  laboratory  and  office  of  the  survey  oogbt  to  be  supplied  with 
apparatns  and  books  needed  for  the  work  that  lies  immediately 
before  it.  This  is  a  matter  of  absolute  necessity.  It  were  better 
that  all  other  expenses  cease  entirely  till  there  be  sufficient  funds 
for  this  necessity,  or  that  a  special  appropriation  be  made  by  the 
L^islatore  to  provide  them. 

II. 

Beoobo  of  Field-Obsbbvations  in  1888. 

On  the  Mesohi  Iron  Range.  Mallmann's  mining  camp  is  on 
the  Daluth  and  Iron  Bange  railroad,  about  two  milee  sooth  of 
Hinsdale  on  the  Ctiant's  range  of  granite  hillB.  The  working  is 
for  iron  ore.  There  are  a  number  of  pits  or  shafts  sank  to  the 
rook,  from  16  to  60  feet  in  depth,  and  they  have  uniformly  enooun- 
tered  the  same  magneto-bedded  rook  that  Chester  did  on  the  Me- 
sabi  range  a  few  miles  farther  northeast*  and  of  a  character  iden- 
tical with  that  seen  near  the  west  end  of  G^unflint  lake,**  both  being 
a  part  of  the  Animike,  and  probably  in  the  lower  portion  of  it. 
About  half  a  mile  farther  south  is  a  cut  by  the  railroad  in  real 
Animike  slate.  Some  of  the  ore  he  finds  is  hematite,  and  he  hopes 
to  get  enough  that  is  hematite  to  warrant  his  enterprise.  This 
working  is  just  west  from  the  "red  cut"  which  is  mentioned  in  the 
13th  report  in  giving  a  description  of  a  trip  to  Tower,  and  in  one 
of  the  shafts  he  has  struck  this  red  hematite  mass.  The  rock 
seems  to  be  more  rotted  in  this  red  mass. 

This  magneto-bedded  rock  is  nondescript  It  has  been  referred 
to  sometimes  as  quartzyte,  but  it  generally  contains  not  enough 
free  quartz  to  entitle  it  to  that  designation,  lit  is  gray,  mediam- 
grained,  sometimes  fine-grained,  has  a  miners),  apparently  a  feld- 
spar, that  changes  by  rot  to  a  white  kaolinic  substance,  or  to  a  rusty 
powder,  and  is  the  rock  in  which  is  scattered  the  magnetite  ore 
both  here  and  at  G^unflint  lake,  as  well  as  at  Ohnb  (Akeley)  lake. 
This  ore  is  in  lenticular  bunches,  elongated  in  the  direction  of  the 
general  bedding,  and  is  generally  not  pure  magnetite,  but  is  seen 
to  inorease  and  fade  again  in  the  midst  of   the  rock,  sometimes 
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extending  in  parallel  bftnds  from  half  an  inoh  to  an  inch  vide,  and 
a  foot  or  more  in  length.  It  is  this  same  rook  which  acoompaniea 
the  hematite,  whioh  inspires  Mallmaan  with  fresh  hope.  Appar- 
ently the  hematite  is  disseminftted  in  it  in  the  same  way  aa  the 
magnetite.  Mallmann  is  confident  the  ore  here  is  the  same  as  the 
ore  mined  at  Tower,  and  in  the  same  kind  of  rook — a  mistake  which 
we  tried  to  correct.  There  is  no  qaestion  bat  the  vertical  greenish 
Bohiflts  and  graywackes  seen  at  the  Tower  mines  are  repeated  soath 
of  the  Oianf  8  range,  and  pass  nnoomformably  below  the  Animike 
along  the  line  of  sb-ike  all  the  way  from  Gnnflint  lake  to  this  point, 
and  that  they  may  be  enoonntered  after  passing  throngh  the  slates 
and  qoartzytesof  the  Animike.  It  is  likely  also  that  they  are  as  apt 
to  carry  iron-ore  lenses  on  the  sonth  side  of  that  range  as  cm  the 
north  side.  But  owing  to  the  prevalence  of  the  drift,  and  the  con- 
cealment of  these  schists  by  the  overlapping  of  the  Animike,  it 
wonid  be  a  hercnlean  and  problematical  task  to  seek  to  find  each 
ore  bodies  by  shafting  throngh  the  Animike.  It  would  not  be 
impossible  that  a  shaft  shonld  go  down  throngh  the  Animike,  and 
shonid  enooonter  one  of  these  ore  bodies  in  the  Keewatin,  bat  the 
chances  i^aiust  sach  an  event  woald  be  mnny  thooaands  to  one. 
It  is  probable  therefore  that  all  the  ore  foand  I^  MaUmann  here  is 
from  the  Animike  beds. 

Observations  about  Tower.  We  visited  again  the  vertical  black 
slaty  crag  north  of  Tower,  in  the  soatheni  slope  of  the  soatb  ridge 
(photographed  ia  1886),  and  noted  the  abrupt  and  ancomformable 
transition  from  the  slate  to  the  green  sohist.  This  occars  a  little 
west  from  the  crag,  and  in  a  lower  place.  There  is  no  indication 
that  either  nnderlies  or  overlies,  as  the  tine  of  contact  is  on  a 
nearly  horizontal  plane  surface.  The  stractore  and  bedding  of  the 
slate  is  interrupted  aomewhat  obliquely  by  that  of  the  schist,  and 
shows  plainly  some  kind  of  unconformity.  This  slate  is  siliceoas 
and  has  all  the  banding  of  the  jaspilyte,  bat  is  not  colored.  A  little 
further  north  it  is  like  jaspilyte.  Indeed,  it  passes  into  the  rook 
which  is,  or  which  becomes,  or  which  embraces  the  ore. 

Thence  we  went  farther  west  and  after  considerable  search  we 
fonnd  the  low,  bare,  slaty  knoll,  consisting  of  fissile  slate,  which 
was  mentioned  in  the  report  of  **18S6,  in  which  was  recorded  a 
gradual  passage  from  the  clay  slate  to  the  chlorite  slate  of  the 
region.  We  examined  it  to  find  sedimentary  banding.  While  this 
banding  is  not,  in  the  knoll,  characteristically  exhibited,  yet  there 

iChell'B  report  on  tills  reBlon,  ITtli  report,  pp.  88-9. 
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sre  Bome  long,  parallel,  oolor-banda,  aboat  one-sixteenth  to  one-half 
inoh  wide,  that  appear  to  be  due  to  sedimentary  aotion.  It  is  note- 
worthy that  throoKhoDt  this  knoll  of  olay  slate,  generally  no  saoh 
bands  are  'visibl&  This  may  be  dae  to  the  shattered  oondition  of 
the  rook  and  the  obliteration  of  an  original  stmctare  by  the  pro- 
oess  of  acquiring  the  slatiness.  Toward  the  east,  the  state,  fol- 
lowed along  the  strike,  evidently  gets  more  and  more  siliceous,  till, 
after  some  interrals  of  non-obeerration  dae  to  drift  and  to  brash, 
it  is  converted  into  jaspil^te,  first  passing  through  the  oondition  of 
the  slate  orag  described  above.  Bat  there  is  in  the  midst  of  this 
slate,  farther  east,  a  little  greenish,  ooarse  serioitto  and  qoartzose 
slaty-rook  (No.  1605),  apparently  alternating  with  the  clayey  slate, 
which  may  be  the  parallel  of  the  schist  seen  to  alternate  with  the 
jaspiljrte  rook,  as  at  the  railroad  oat  soath  of  the  Stone  mine.  This 
indicates  that,  as  formerly  aapposed,  there  is  a  close  alliance 
between  the  olay  slate  and  the  green  sohist;  or  at  least  a  schist 
whioh  cannot  with  any  certainty  or  satisfaction  be  distinguished 
from  it,  and  again  an  alliance  that  implies  some  eommanity  of 
origin  and  straotare  between  all  three  of  these  schists.  In  follow- 
ing the  strike  along  toward  the  east'  from  this  knoll  we  saw  a  bed 
aboat  fonrteen  inches  thick  of  such  green  schist  ( bat  rather  darker 
and  coarser  grained),  imbedded  in  the  jaspilyte*.  The  lack  of 
sedimentary  signs  (i.  e,  the  general  lack)  caosed  me  to  query 
whether  the  eruptive  green  schists  could  become  changed  to 
argillyte,  bat  on  finding  some,  not  very  distinct,  trace  of  bedding, 
and  especially  on  seeing  the  argillyte  bed  change,  in  the  direction 
of  its  strike,  apparently  first  to  siliceous  slate  and  then  to  jaspilitic 
beds,  the  oonclasioa  is  found  inevitable  that  the  argillyte  at  least  is 
an  originally  sedimentary  rook. 

Bat  this  leaves  to  still  be  acoounted  for  the  green  (or  gray  when 
siliceooa)  schist  which  nsnally  resembles  closely  the  green  schist 
which  is  supposed  to  be  of  originally  eruptive  origin,  seen  inter- 
bedded  with  the  argillyte.  On  the  Buppositions  that  it  is  of  iden- 
tical genetic  origin  with  the  eruptive  green  schist,  it  may  be  sup- 
posed to  have  been  brought  there  by  slight  eruptions  at  the  time 
of  the  sedimentation  of  the  argillyte,  and  that  would  rather 
require  that  all  the  supposed  ernptive  green  schist  which  embraces 
the  jaspilyte,  originated  in  the  same  way,  i.  e,  in  a  manner  similar 
to  the  eruptive  sheets  of  the  Cupriferoos,  and  is  now  interbedded 
in  the  great  (Keewatin)  formation,  as  schists,  in  the  same  manner. 
This  would  make  the  eruptive  green  schists  date  from  the  time  of 
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the  Eeewatitt  itself,  and  the  green  aahiats  would  be  toood  to  be,  on  s 
large  Bcale,  oonfdrmable  vith  the  adjacent  rocb,  instead  of  being  of 
the  natare  of  later  overtlova  and  nncomformable  with  it-  The 
latter  ouppoBition  was  expresaad  in  the  l5th  aannol  report*  I  do 
not  know  that  there  is  any  neoesaary  and  known  objection  to  that 
hyiMthesis.  It  would  be  necessary  still  to  account  for  the  rock 
having  now  the  condition  and  stmotore  of  a  schist  and  for  its 
being  sometimee  the  matrix  for  a  multitude  of  fine  pebbles  of 
jaepilyte. 

Bat  it  is  not  by  any  means  certain  yet  that  this  gray  schist  (1505) 
is  identical  with,  or  can  be  fotmd  to  grade  into,  the  great  body  of 
green  schist  of  the  region,  so  that  they  can  be  embraced  in  the 
same  general  hypothesis. 

We  went  over  the  south  ridge  at  the  Lee  mine  and  west  from 
there,  and  the  following  facts  were  noted: 

1.  In  some  places  the  jaspilyte  is  wonderfalty  brecciated  over 
large  areas,  the  same  parts  again  cemented  by  the  ferroginated 
granular  silica,  or  by  the  same  in  a  finer  breccia,  so  that  the  gen- 
eral mass  is  as  hard  as  the  jaspilyte  unbroken,  and  in  this  condi- 
tion shows  large  glaciated  areas. 

2.  When  broken  less  minutely  the  cement  is, -in  some  other 
places,  pure  hematite,  and  when  this  has  accumulated  in  targe 
enough  masses,  filling  pre-existing  cavities  whose  forms  it  takes  on, 
it  is  valuable  as  ore,  and  as  snch  is  the  principal  basis  of  the  work- 
ing of  the  Lee  mine. 

3.  This  accumulation  of  hematite,  or  re-cementation,  took  place 
before  the  deposition  of  any  vitreous  silica,  or  before  any  observ- 
able "silicifioation." 

4.  Chemical  (i.  e.,  vitreons)  silica  was  afterward  deposited  in 
openings  and  geodes  in  this  hematite,  and  in  veins  oroesing  both 
the  hematite  and  the  jaspilyte,  this  being  the  last  observable  step. 

5.  I  do  not  see  hematite  veins  crossing  chemical  silica  veins.' 

6.  Hematite  veins  cross  jaspilyte  in  alt  its  forms,  whether  in 
breccia  or  as  undisturbed  strata  in  the  jaspilyte. 

7.  Chemical  eitioa  veins  and  nodnlee  occur  latest  and  cross  the 
hematite  and  also  the  jaspilyte. 

This  seems  to  show  that  there  were  two  processes  after  the  de- 
position of  the  original  sediments  forming  the  jaspilyte,  viz.,  a  Echv 
rnginization  and  a  silicification,  and  that  the  former  preceded. 
But,  as  already  argued  in  the  fifteenth  report,  the  chaloedouic 
silica  was  not  concerned  in  either  of  them,  except  that  the  rounded 

•Pao  aa,  KB,  B3Z. 
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gr&inB  have  become  angnlor  by  depoftition  of  interstitial  silica. 
Samples  1606  show  the  relations  of  the  chemical  silica  to  the  hema- 
tite, and  1507  show  the  breociated  jaspilyte  cemented  by  a  finer 
brecoia  of  the  same. 

On  Chester  Peak  (or  Jasper  Peak,  so  generally  called  at  Tower), 
on  the  northwest  side  and  shonlder,  the  jaapilyte  dips  north  at  an 
angle  of  about  eighty  dsgreee.  It  Gaddenly  changes  and  dips  west 
at  Beveoty-fire  degrees,  then  oe  suddenly  changes  and  dips  east  at 
seventy-five  degrees.  It  then  veers  roand  on  the  apex  of  the  hill 
BO  as  to  dip  northeaat  at  seventy  degrees.  In  the  easterly  part, 
which  is  lower,  the  dip  is  north  again.  The  hill  is  abnii,t  and 
short,  bnt  elongated  about  east  and  west.  A  stretch  of  drift,  like 
a  morainio  ridge,  rising  abont  fifty  feet,  connects  the  hilt  with  the 
"north  ridge,"  in  which  are  the  minee  of  th?  Minneeota  Iron  Com- 
pany; bat  there  seems  to  be  norook-ridgenniting  them.  The  "north 
ridge"  diee  oat  toward  the  east,  althongh  a  series  of  low  hills, 
making  a  lower  range,  can  be  seen  to  ran  along  the  sooth  side  of 
Vermilion  lake  and  eastward.  Toward  the  soath  the  range  of  the 
Giant's  hills  can  be  seen  from  where  it  rises,  on  the  south  side  of 
Birch  lake  to  where  they  mn  oat  in  the  distance  toward  the  west. 
They  have  openings  and  sadden  elevations,  bat  are  without  any 
notable  peaks,  the  highest  and  apparently  the  most  important  hills 
bein^  toward  the  southwest  rather  than  south. 

Nnmeroas  pits  have  been  sunk  by  the  iron  company  to  the  rook 
in  the  vicinity  of  this  peak,  and  between  it  and  the  "north  ridge". 
Some  of  them  strike  green  schist,  some  a  jaspilyte  without  ore, 
or  a  lean  ore,  and  some  of  them  reveal  good  ore.  But  in  obe  of 
them,  at  the  northwestern  base  of  the  peak,  a  black  schist,  soft  and 
(carbonaoeouB?)  holding  balls  of  pyrite  (1608)  from  a  bullet's  size 
to  two  and  a  half  inches  in  diameter,  was  met  in  the  bott'im  of  the 
shaft.  On  the  northern  face  of  this  hill  are  the  green  schists,  seen 
at  the  mines,  mixed  and  twisted  with  the  jsspilyte.  A  deep  drill 
hole  on  the  soath  side  of  this  hill  afforded  the  diamond  drill  a 
core  of  porphyrel  at  several  hundred  feet  below  the  surface,  the 
hole  sloping  north. 

Olaciated  sarfaoes  are  seen  nearly  to  the  top,  and  a  few  boulders 
lie  on  the  very  top. 

Some  small  veins  in  the  brown  jaspilyte  consist  of  white  chalce> 
donic  silica  (1509)  crcHsing  the  jaspilyte  banding.  In  the  imme- 
diate vicinity  are  deposits  of  chemical  silica.  The  existence  of 
i^ialoedonic  veins  is  a  very  rare  occurrence,  and  has  been  observed, 
thongh  doubtfully,  but  once  before.  Compare  the  fifteenth  report, 
p.  824,  and  rook  sample  1013.   There  must  be  some  way  to  aooount 
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for  these  chalcddonio  veins.  They  do  not  appear  to  have  been 
formed  by  mechanical  trasspoeition  of  lamine  in  or  aoross  the  jas 
pilyte  strata.  They  do  not  hare  any  banding  or  orystaUizstion 
tike  trne  reins.  They  form  a  network  connecting  a  ooarse  (and  in 
some  places  a  fine)  breccia  of  brown  fine-laminated  jasper. 
These  are  on  the  exposed  upper  sartaoe  of  the  glaciated  apex  of 
the  koob.  The  silica  is  white,  and  appears  to  have  the  effect  and 
disposition  of  vein  mattw  bat  not  its  straotore.  This  hill  is  in  nw 
Ine}  sea  35,  62-15. 

At  Ely.  The  rock-onta  all  the  way  from  Tower  to  Ely,  so  far 
as  seen  from  the  train,  are  all  in  the  green  soluBt,  or  a  green  rook 
more  massive  than  sohist  which  imperceptibly  takes  its  place,  and 
at  Ely  ia  the  rock  which  has  there  been  described  in  the  field- 
observations  of  1886  (Fifteenth  Beport,  pp.  325-26),  and  which 
extends  from  Ely  to  the  shore  of  Shagawa  (Long)  lake,  and  really 
which  goes  also  to  Fall  lake  and  there  forma  the  falls.  At  the  rail 
road  ont  at  Ely  it  exhibits  some  new  featores,  viz: 

1.  It  is  made  ap  of  rounded  masses  of  itself,  or  rock  like  itself, 
some  of  them  fonr  feet  across,  and  some  not  more  than  three  inches. 

2.  The  rook  matter  between  the  rounded  masses  is  darker  green 
than  the  ronnded  boniders,  and  sqaeezea  among  them  in  the  same 
manner  as  green  schists  between  jaspilyte  boulders  at  Tower.  It 
is  also  more  apt  to  be  a  little  schistoae. 

3.  There  ia  no  bedding  like  sedimentation,  but  an  angular 
coarse  jointage  like  that  of  eruptive  rock  whioh  has  flowed  in  a 
broad  sheet  over  the  sqrfaoe.  The  forms  of  these  bonlders  are 
visible  in  the  weathered  snrface,  and  their  slickensided  (and  then 
darker)  exteriors  are  shown  on  the  face  of  the  railroad  cot. 

4.  The  boulders  are  frequently  amygdaloidal,  oalcite  being  the 
mineral  encl(»ed;  but  the  cavities  are  rendered  oonspiouons  by  the 
easy  weathering  ont  of  the  calcite. 

6.  There  is  a  crust  of  somewhat  darker  rock  that  surrounds  the 
interior  of  the  boulders,  and  these  oavitieB  ore  moat  abundant  in  it; 
they  are  commonly  in  the  form  of  tubes  that  cross  this  crust 
approximately  at  right  angles,  radiating  as  from  the  centre,  though 
not  reaching  the  centre.  Transverse  to  these  tubes  this  -cruet 
sometimes  exhibits  a  dim  linear  structure  that  appears  to  be  fiuidal. 

6.  This  green  rock  contains  chaloedonio  silioa,  disseminated  all 
through  ibjSndit  seemstoresnUfrom  a  change  in  thschemioal  silica 

7.  This  green  rock  is  of  the  same  genetic  nature,  and  the  some 
in  all  its  physical  aspects,  with  the  exception  of  such  as  can  be  re- 
ferred to  difference  of  weathering,  as  the  Stuntz  Island  oonglomer- 
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ate,  bat  the  enolosed  boalders  are  less  ailioeonB  than  the  most  of 
those  in  that  oouglomerate. 

8.  The  rook  that  embrsoes  these  bonldere  is  not  nsaolly,  bot  is 
rarely,  amy{i(daloidaL  This  is  the  rook  vhioh  I  deeignated,  in  this 
vieinify  htst  year  (1887),  and  before*,  as  modified  graywoake,  but 
it  seems  nov  never  to  have  been  in  the  form  of  graywacke. 

No.  1510  is  a  sample  of  this  green  rock,  showing  the  forms  of 
two  boalders,  and  the  darker-green  rock  separatiag  them. 

No.  1511  contains  amygdsloidal  portions  of  some*ot  the  boalders, 
showing  the  tabes  perpendioalar  to  the  snrf aoe,  one  specimen  hav- 
ing a  glaciated  sarface.  (Compare  Plate  1,  Sixteenth  Anoaal  re- 
port). 

No.  1512  has  ohsloedoDic  silica  from  veins  and  spots  in  the  rock 
1510. 

No.  1518.  Vein  matter  in  No.  1510,  similar  to  1501  which  is 
from  the  ao-oalled  gold-qoartz  vein  at  Eagle  Nest  lake. 

In  retarning  from  Ely  to  Tower  the  conglomeratic  (or  agglomer- 
■tic)  character  of  the  green  atone  was  more  freqaently  noticed  at 
the  occasional  oats.  The  rook  is  angularly  and  caboidally 
jointed  in  most  of  the  oats,  with  a  light  green  color,  weathers 
lighter,  bat  in  some  cats  it  is  a  schist  with  a  slaty  tendency  in  dis- 
integration, and  has  doubtless  been  called  sericitic  sobist  in  many 
places. 

Southward  from  Tower  this  rock  continues,  as  seen  from  the 
train,  as  far  as  nearly  to  the  gneiss  exposures  thatappertainto  the 
northern  flank  of  the  Giant's  range.  It  has  been  reported  by  H. 
y.  Winohell**  that  there  is  no  exposure  of  mica  schist  between  ite 
last  expoBore  and  the  first  of  the  gneiss.  There  is  an  unobserved 
interval,  however,  between  the  two  amounting  to  aboui  two  miles 
in  which  there  may  still  be  a  narrow  b^lt  of  a-ica  schist. 

[Note.  Intbesiirliifiof  ism  a  belt  of  nilca-hoiuolendescblstw&s  exposed  In  some  rail- 
road cuts,  a  tev  miles  iioflIi  iA  Ue  Uunt  a  range  syenite.! 

Pdkegama  Falls  and  eastward  to  Griffin's  camp.  At  the 
falls  of  Pokegama  the  dip  of  the  quart^yte  was  carefully  measared 
at  several  points,  with  the  following  resalte:  Below  the  falls,  S. 
8**  W.  about  15  degrees;  above  the  falls.S.  8"  E.  about  15  degrees; 
at  the  bluff,  on  the  west  side  of  the  river,  a  sixth  of  a  mile  above 
the  falls,  S.  22°  E.  8  degrees. 

The  rock  is  quartzyte,  red  superficially  (from  six  to  twelve 
inches)  end  gray  within.    The  bluff  above  mentioned  is  27  feet 
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high  above  the  water,  and  the  bede  oompOBing  it  seem  to  strike 
soatheaatward  to  the  falls.  Mr.  Griffin  Bayn  thia  rook  rona  imd» 
the  river  which  is  the  outlet  to  Pok^ama  lake,  and  used  to  oaoae 
rapids  at  halt  a  mile  below  the  lake,  in  Sec.  23,  T.  55-26.  Bat  now 
theee  rapida  are  covered  by  the  setting  back  of  the  water  into  the 
lake  from  the  Missiaaippi  from  the  govemmant  dam,  which  is 
bnilt  jnst  above  the  falls.  He  also  saya  he  thinks  he  saw  once  (as 
surveyor)  an  ontcrop  of  it  on  Little  Boy  river,  aboat  in  the  line  of 
strike  from  Pokegama  falls.  H.  T.  Winohell  also  reports  having 
seen  it  on  Little  Boy  river.  Mr.  Griffin  also  is  authority  for  ao 
ontorop  of  the  same  rook  abont  eight  miles  southwest  from  Poke- 
gama falls.  In  1871  or  1872,  as  deputy  enrveyor,  he  also  noted 
die  same  rook  north  from  Buft^  lake  (two  or  three  miles)  in  Seo. 
6  or  31.  This  rock  appears  to  be  the  Pewabic  qoartzyte,  so  named 
much  further  northeast  on  the  southerly  slopes  of  the  Giant's 
range. 

October  18,  1888.  In  the  rain  (there  was  a  drizzling  rain  all  the 
rest  of  the  day)  we  went  to  the  foils  of  Prairie  river,  first  seeing 
the  granite  at  the  upper  falls. 

There  is  a  large  display  here  of  gray  goeies,  some  of  it  being 
micaceous,  and  some  of  it  having  hornblendic,  dark  maesea  and 
belts  ontting  through  it.  In  some  rare  places  it  is  laminated  in 
thin  indistinct  laminse  of  mica  and  fetdspathio  sheets.  Its  dark 
belts  and  isolated  masses  recall  the  rock  at  Morton,  on  the  Minne- 
Bota  river  (see  another  section  of  this  year's  report)  and  north  of 
Vermilion  lake,  but  there  being  so  little  of  this  it  will  not  be  cor- 
rect to  parallelize  it  with  the  mioa-hornblende  series.  It  is  rather 
the  extension  of  the  Giant's  range  rooks,  which  are  mostly  without 
noticeable  micaceous  or  dark  hornblende  laminations,  and  gener- 
ally a  more  massive  rock  than  the  mioaceoas  gDeieses  of  the  Ver- 
milion series.  At  one  point  on  the  west  bank  of  the  river  there  is 
a  rude  horizontal,  undulating  stratification  or  bedding.  On  the 
east  bank  opposite  this,  however,  the  gneiss  is  conspicuously 
baaaltically  jointed  It  is  probable,  therefore,  that  the  former  may 
be  due  to  weathering  upnn  a  spot .  where  by  a  shearing  pressure  a 
local  lamination  had  been  saperindnoed.  There  are  also  in  some 
places  in  the  gneiss,  thin  alternations  with  a  shining  mioaceons 
schist  running  about  horizontal,  such  that  the  general  aspect  and 
average  composition  is  quite  different  from  the  rook  in  general 
(see  \o.  1523).  Bed  orthoclastic  belts  (1524)  more  coarsely  crys- 
talline, containing  also  coarse  quartz  crystals,  run  irregularly 
through  the  mass.  In  one  cipot  a  wedge  of  reddish  rock,  associated 
with  chlorite,  making  a  (protogine?)  runs  through  it 
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We  do  not  see  the  oontraot  of  this  gneiss  with  the  overlying 
qoartzyte.  The  latter  is  seen  at  the  lower  falls  and  while  dipping 
in  the  main  to  the  a.  s.  e.  abont  10  degrees  (sometimes  12  degrees) 
it  ondnlatee  in  one  or  two  synclinals.  Along  the  top  of  one  of  the 
antioIinalB  can  be  seen  a  distinct  fraotnre,  opening  somewhat 
apward,  ae  the  crest  rnns  acroes  the  river. 

OUicial  marka  here  rnn  S  10°  E.  (mag.)  and  Mr.  Griffin  says 
there  ie  no  mi^netic  variation  here. 

Ka  1625  (a)  represents  an  incipient  or  psendo-amygdaloidal 
spottedneea  in  this  qnartzyte,  which  may  be  allied  to  that  lately 
described  by  Bailey  at  Pigeon  Point. 

Ko.  1526  shows  another  spottedness  in  this  qaartzyte,  the  roety 
Bpote  weathering  oat  and  making  the  earface  pitted  all  over. 

No.  1627.  So  far  as  can  be  seen  then  comes  on  toward  the  south 
(after  an  tmezposed  interval)  a  lot  of  siliceons  and  hematitio  oherty 
beds,  the  hematite  in  some  oases  being  fine,  massive,  nearly  pure, 
and  6nely  basaltioally  jointed.  These  beds  are  seen  only  about 
five  feet  in  thickness,  and  the  hematite  ia  apparently  not  more  than 
six  inohea.  No.  1528  represents  some  of  the  rock  abont  at  the 
horizon  of  this  hematite.  No.  1529  somewhat  above  (in  the*  beds). 
No,  1628.  This  shows  a  cnrions  "streamed"  mixture,  and  breooi- 
ated  bed  of  chalcedoniu  ailioa,  jasper  add  hematite,  with  vitreoaa 
glassy  silica  filling  veins  or  former  geodio  elongated  cavities  that 
are  embraced  entirely  in  a  casing  of  white  ohalcedonic  silica.  The 
highest  part  is  repreaeoted  by  1530,  which  has  a  very  different 
aspect  from  1529,  being  a  coarser,  evidently  fragmental.  rusty, 
siliceous,  somewhat  vesicular  rook,  but  yet  may  be  only  a  modified 
condition  of  1529.  It  has  pure  hematitic  sheets  and  lumps,  and  is, 
in  general,  bedded,  and  dips  conformably  with  the  quartzyte  below, 
in  beds  fron  six  to  ten  inches  thick.  It  is  mainly  a  felsyte  with 
hematite,  some  of  the  beds  having  the  bloodstone  distribution  seen 
in  some  at  the  east  end  of  Qunflint  lake.  Some  of  the  qnartzyte 
that  underlies  is  conglomeritio  (1532)  in  patches,  but  it  is  not  seen 
so  in  any  continued  layers. 

In  making  the  trip  from  Grand  Bapids  to  Griffin's  camp  (see 
sketch-map,  fig.  1,  p  16),we  traveled  eighteen  miles  over  an  execra- 
ble road  in  an  autumn  enow  storm  which  not  only  kept  onr  cloth- 
ing wet  but  loaded  every  bush  with  dripping  snow  and  water.  As 
we  had  been  in  the  rain  the  greater  part  of  the  previous  day,  and 
returned  the  following  day  in  a  snow  storm  of  the  same  kind  bat 
somewhat  cooler  air,  w9  found  the  three  days  productive  of  resulta 
not  entirely  geologic. 
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ore  at  Black  Biver  Fallfi  the 
eqniTalent  of  that  in  the  Aui- 
mike  (Haronian  proper)  in  Min- 
nesota, to  which  in  its  lithology 
and  general  cbaraoter  it  has  a 
close  reaemblance,  as  well  as  in 
its  near  proximity  to  a  oorres- 
ponding  range  of  gneissic  hills. 
It  also  confirme  the  opinion,else- 
where  expressed  by  the  writer, 
that  the  Qogebic  ore  is  probably 
in  the  beds  which,  on  the  soath 
shore,  represent  the  Antmike  of 
the  ::orth  shore,  instead  of  the 
beds  that  contain  the  ore  depoe- 
itB  at  Veimilion  lake.  The  stmc- 
tore  here  is  represented  by  fig- 
are  2,  showing  an  ideal  section 
running  north  and  sonth  at  Grif- 
fin's camp.  Tbehorizon  is  there- 
fore very  near  that  of  the  works 
of  Mallmann,  and  of  the  mioeB 
in  the  Gogebic  region. 

There  is  yet  one  troublesome 
onexplained  fact,  which  does  not 
fall  into  place  in  accord  with  the 
idea  that  there  is  bnt  one  quartz- 
yte  and  that  it  overlies  the  black 
slate   unconformably,  viz:     The 
ore  mines  on  the  Gogebic  range 
seem  all  to  have  an   important 
granular  gray  qsartzyte  under- 
lying theui,  and,  acoordiog  to  all 
I  know,  a  black  slate  lying  to  the 
north  of  them  and  probably  strat- 
igraphically  above  the  ore  t>eds,     ,' ,''  ' ,  '^  ( - ,  \  V 
theseblackBlatesbeingenpposed      ,\  J^^"  ,  '^Vj 
to  be  the  Animike.     If    that     Cx^'f^l  ''■  H 
quartzytebetheequivalentofthe     '  ''  "' 
Fewabic  qnartzyte  it  certainly  Fig.  2. 

runs  below  the  iron  horizon,  and  the  Animikie  iron,  the  sup- 
posed equivalent  of  the  Gogebic  iron  strata,  should  be  sought 
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for  toward  ths  sootli  from  the  strike  of  ttie  Pewabic  qnartz- 
yte  in  Minnesota.  As  there  are  outcrops  of  elates  and  qaarlz- 
ytes,  of  the  Animike  series,  along  eontb  from  the  strike  of  the 
Pewabic  qaartzyte  it  is  also  legitimate  to  infer  in  the  absence 
of  facts  demonstrating  to  the  contrary,  that  in  Minnesota  also  the 
main  maee  of  the  Animikie,  and  hence  also  the  horizon  of  the  Goge- 
bic ore,  lies  conformably  above  the  Pewabic  qoartzyte,  and  may  be 
found  to  the  sonth  of  the  strike  of  the  qoartzyte.  In  all  the  reports 
.  and  inferences  that  have  been  pnblished  by  the  writer  the  Pewabio 
quartzyte  has  been  made  the  parallel  of  the  great  qnartzyte  that 
overlies  the  Animikie  unconformably,  but  it  is  possible  that  it  mns 
below  it  conformably.  Its  age  in  either  case  is  that  of  the  great 
gabbro  flood,  with  which  it  is  interbedded  at  points  further  north- 
east 

BpecimeuB  from  GriflSn's  camp,  ne|.  sec.  22,  5&.24,  No.  1533, 
red  shale,  8  feet;  No.  1534,  iron  bearing  rock,  somewhat  siliceooSf 
ore-sfaeets  broken  and  irregular,  hematite;  No.  1535,  same  as  1634, 
pit  No.  2.  but  reached  at  15  feet  l>elow  the  surface;  Na  1536,  aame 
as  1534,  11  feet  below  the  surface.  No.  1537,  slaty  ore,  rather  ow 
grade,  (47  p.  c.)  nw^,  nw^,  sec.  21,  66-24.  Mr.  Oriffin  says  that  in 
sec.  21  he  knows  that  the  rook  1637,  lies  to  the  south  from  the 
rook  1535  and  1536,  in  outcrop  in  the  same  section.  He  also  says 
that  at  three  or  four  miles  sonth  from  his  camp  fragments  of  black 
slate  are  abnndant  in  the  drift,  indicating  black  slate  lying  above 
the  rook  seen  at  his  camp. 

Where  the  road  crosses  the  morainic  belt  (see  the  sketoL  map. 
Fig.  1,)  between  towns  XXIV  and  XXV.th©  hills  are  very  oonspicu- 
ons.  It  appears  that  the  morainic  belt  coincides,  in  genera),  with 
the  strike  of  the  quartzyte,  a  fact  which  has  been  noticed  before 
in  Minnesota  (and  in  Ohio,  in  case  of  a  strike  of  the  limestone  aa  in- 
Belaware  county),  and  it  is  very  likely  that  the  existence  of  the 
latter  had  a  powerful  influence  in  determining  the  southward  limit 
of  the  drift- laden  ice. 

That  this  range  of  iron  ore  is  independent  of  and  quite  different 
from  that  at  Yermilion  lake,  which  is  in  the  Eeewatin  sohista,  is 
shown,  not  only  by  the  general  geology  and  geography,  and  the 
difference  in  the  manner  of  occurrence,  as  well  as  in  the  ores  them- 
selves, bnt  by  the  fact  that  the  line  of  strike  of  the  Keewatin  ore 
belt  from  Tower  westward  is  foand  to  cross  the  country  about 
thirty  miles  further  north.  It  has  been  discovered  at  several 
points,  where  it  affords  very  encouraging  outcrops,  and  samples 
of  first-class  magnetite  have  been  exhibited  by  those  who  have 
visited    the   reipoo.    Mr.  John  Beckfelt,  postmester  at  Grand 
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Bapide,  **  has  maoifested  an  intelligent  interest  in  this  more 
Qorthem  iron  region,  and  from  the  ssmples  in  hie  possession  the 
following  were  obtained:  No.  1638,  magnetic  iron  ore,  sec.  23,  6U, 
23;  No.  1539,  rock  associated  with  1538.  This  is  magnetic  and  sili- 
ceous, black,  fine  grained,  apparently  a  magnetic  jaepilyte.  * 
This  is  described  as  standing  vertical  in  the  midst  of  vertical  green 
Bchiets.  Charles  Kearnev,  Grand  Bapids,  owns  an  iron  location 
on  sec  27,  60-23,  and  —  Fleck  on  sec.  23, 60-23;  other  owners  are  re- 
ported to  be  Lawrence  Welsh,  James  Gill,  Eli  Signal,  William 
Wynn,  Al.  Tory,  J.  H.  Hesnessy  and  —  Knutson. 

According  to  Mr.  GrifBn,  there  is  an  ontcrop  of  "granite"  at  a 
point  about  ten  miles  south  of  Leech  lake,  the  exact  position  of 
which  he  coald  not  give.  This  indicates  the  strike  of  the  Giant's 
range  granite. 

Oold  in  (he  Keewatin  schists  in  northern  Minnesota.  It  is 
well  known  that  abont  twenty  years  ago,  a  gold  excitement  sprnng 
up  in  Minnesota,  centering  on  Vermilion  lake.f  Mr.  H.  H.  Eames, 
the  state  geologist  at  that  time,  was  largely  iostramental  in  pro- 
moting the  popular  interest  in  that  region,  and  in  the  repnted 
discovery  of  gold.  The  excitement  subsided  soon,  and  ever  since 
then  there  has  been  very  little  said  on  the  subject.  But  it  appears 
now  that  there  was  some  basis  of  fact  underlying  the  excitement, 
and  that  possibly  in  the  future  the  interest  that  subsided  in  1866 
may  be  partially  revived.  Several  assays  of  auriferous  quartz  were 
published  by  Mr.  Eames  in  his  reports,  some  performed  by  J.  B. 
Eckfelt,  assayer  of  the  U.  S.  mint  at  Philadelphia,  others  by  pro- 
fessor E  Dent,  New  York,  and  by  himself,  which  afforded  gold 
amounting  from  twenty  to  thirty  dollars  per  ton  of  the  ore,  with 
three  or  four  dollars  per  ton  of  silver.  This  came  from  some  of 
the  workings  atmnt  Vermilion  take. 

In  1887,  the  writer  visited  the  Marquette  iron  region  in  Michi- 
gan, and  the  Bopes  gold  mine  northwest  from  Ishpemin^.l]  He 
was  at  ouce  impressed  with  the  resemblance  between  the  gold- 
bearing  rocks  seen  all  the  way  between  Deer  lake,  near  Isbpeming, 
and  the  Bopes  mine  and  the  rocks  of  the  Keewatin,  in  northern 
Minnesota,|  and  in  all  subsequent  study,  involving  this  question, 

*■  Mr.  Beoktelt  also  showed  Bamplea  of  llEoIte  fouod  "up  ibe  MlnlsHlppI  river." 
say  about  WlnelbigosliiBh  lake.  He  also  s&yn  It  is  reported  to  be  tound  all  atiout  the 
■horea  of  lake  WlfnlblKoahlsh.  In  form  of  "float"  pieces.  He  also  states  that  he  baa 
seen  plecea  found  "  up  tne  Prairie  river." 

>  TheoccurreDceotmagQetlooreln  tbeKeenatln.  nearEly,  as  wellasatToner.  la 
deecHbed  In  Bulletlo  No.  6. 

-tOompare  the  report  o(  H.  II.  Eames  on  "  The  metallllerous  region  borderlPK  on 
lake  Superior."  printed  In  1866. 

IIBIxteenth  annual  report,  pp.  4S-4B. 

JSereuteeDth  aapual  report,  pp.  0-43. 
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he  has  placed  the  two  looaliti^  provUioDBlly  io  the  Bame  strati- 
graphic  positioD.  This  parallelism  at  once  recalled  the  early  re- 
ports of  finding  gold  at  Vermilion  lake,  and  aroused  a  suspicion 
that  gold  would  be  proved  to  exist  ia  the  gnartz  leads  in  the 
Keewatiti,  in  Minnesotft. 

In  1878,  this  region  came  again  under  examination  by  the  stata 
Bnrvay  in  a  rHpid  reeonnoissance,  mad?  by  the  writer,  along  the  in- 
ternational boundary  to  Vermilion  lake,  and  thence  to  the  St. 
Louis  river,  and  the  principal  "  locations  "  were  visited.  The  small 
specimens  collected  from  Ihe  dump  heaps  were  as  large  as  the 
means  of  transportation  would  permit,  and  of  conrse  feebly  illus- 
trate what  may  have  been  the  contents  of  the  veins  that  were 
explored  by  the  various  owners  in  18C6.  The  samples  are  nnm- 
bered  395-400,  and  423, 428.« 

Prof.  A.  H.  Chester  again  examined  these  gold-mining  locations, 
and  states  in  his  report  that  "  Specimens  were  collected  from  many 
quartz  veins,  on  some  of  which  mines  were  formerly  located,  and 
all  were  carefully  assayed.  No  true  iron  pyrites  was  found,  bat 
all  was  of  that  form  known  as  pyrohotine  or  magnetic  pyrites. 
Among  the  many  samples  of  pyrites,  from  all  parts  of  the  country, 
assayed  for  gold  at  the  laboratory  of  Hamilton  college,  not  one 
oontaining  magnetic  pyrites  has  shown  any  gold,  and  so-called  gold 
mines  have  been  condemned  at  once  when  the  character  of  the 
pyrites  was  recognized,  subsequent  assay  always  corroborating  the 
opinion.  It  was,  therefore,  not  a  matter  of  Burprise  that  these 
'gold  ores'  did  not  contain  any  gold."J 

In  1886  Dr.  A.  Winchell  examined  the  town  in  which  is  situated 
a  prominent  white  quartz  vein  in  which  it  wes  reported  gold  and 
silver  had  been  found,  and  his  oolleoted  samples  at  this  point  are 
numbered  (of  his  series)  48-53.**  He  says:  "Many  quartz 
veins  run  through  the  whole  formation.  Book  52  is  a  sample, 
containing  hematitic  stains,  very  much,  indeed,  as  in  some  argentic 
ferous[ auriferous?]  quartz.  Other  quartz  veins  are  pervaded  by  py- 
ritesin  abundance,  as  shown  in  rock  63.  In  some  cases  a  mass  half 
the  size  of  one's  head  is  pure  pyrites.  The  pyrites  and  quartz  are 
eometimee  seen  to  be  intersected  by  minute,  einuoos  veins  of  a 
dark,  lustrous  iridescent  mineral  resembling  peacock  ore  of  copper. 
These  are  the  glittering  minerals  which  sustained,  not  without 
some  reason,  the  hopes  of  the  adventurers."  At  that  time  this 
spot  wae  owned  by  a  man,  since  deceased,  named  John  Leiender- 
ker,  who  had  Hunk  a  shallow  shaft  in  1885. 

•Nlntb  annual  report,  pp.  tS-103. 

t  Eleventb  SDnual  report,  p.  IM, 
*  *  FI(l«eDth  report,  p.  3S. 


jyGoot^lc 


STATE   QEOLOaiar.  21 

In  1888,  in  making  some  obaerr^tioDB  on  the  iron  working  of 
John  Mallmann,  abont  two  miles  south  of  the  Giant's  range,  as  re- 
ported above,  the  writer  met  Mr.  Leienderker  at  Mailman's  camp, 
and  obtained  from  bim  a  small  piece  of  the  qnartz  containing 
pyrites  from  his  "gold  mine"  on  Eagle  Nest  lake.  Sec.  'Ai,  T.  62-14. 

Some  assays  have  sinco  been  made,  viz: 

Samples  of  pyriliferous  quartz  obtained  by  A.  Winckell,  from 
Ijeienderker's  shaft,  with  the  following  resnlt,  assayed  by  Frank 
C.  Smith,  Ann  Arb.>r,  Mich. 

A.  Winchell'a  numbers  49  and  51,  gave  no  trace  of  gold. 

A.  WincbeU'e  number  53,  gave  one-tweDtieth  of  an  oaiice  of 
gold  per  ton  of  2,000  ponnds,  or  S1.00  per  ton. 

Sample  of  pyritiferous  quartz  obtained  by  the  writer  from  Mr. 
Leienderker;  assayed  by  Prof.  J.  A.  Dod^e,  Chem.  Series,  212. 
Sarvey  No.  1501.  "Using  one-half  ounce  of  the  ore,  by  fire  assay, 
I  find  a  trace  of  gold  and  no  silver.  The  amoant  of  ftold  is  too 
Btnall  to  be  weighed  from  that  quantity  of  ore;  1  should  estimate 
it  at  not  more  than  one-fortieth  Troy  ounce  per  ton." 

All  ike  samples  from  the  various  '"locations"  about  t'ermilion 
lake  obtained  by  the  writer  in  1878,  *  assayed  as  one  sample  by 
Prof.  0.  P.  Sidener,  Chem.  Series,  213,  gave  no  gold  nor  silver. 

The  vein  at  Eagle  Neat  lake  is  said  to  be  about  12  feet  wide  and 
to  carry  much  pyiites  thronghout  its  width.  The  pyrite  in  tha 
sample  obtained  from  Mr.  Leiend?rker  is  not  magnetic  in  fine 
powder.  It  has  a  light  brassy  color  and  rectangular,  apparently 
cnboidal,  crystallieatioD,  which  seem  to  indicate  true  pyrite.  That 
which  Prof.  Chester  examined  was  magnetic  pyrite  which  is  rarely 
if  ever  auriferous,  and  was  at  once  condemned  by  him.  There  is 
a  large  amount  of  magnetic  pyriie  near  the  base  of  the  Animike 
formation  at  the  west  end  of  Qnnflint  lake,  associated  with  the 
magnetic  ore  of  the  Animike,' which  is  of  the  same  range  and  age 
as  that  investigated  by  Prof.  Chester  on  the  Meeabi  range,  and  it 
ia  quite  likely  that  the  magnetic  pyrite  examined  by  him  was  ob- 
tained in  that  group  of  rocks.  That  has  a  different  aspect  and 
color  from  the  pyrite  at  Eagle  Nest  lake,  being  a  copper-steel  gray, 
and  also  is  much  softer. 

It  appears  from  the  foregoing  considerations,  and  the  facts  that 
are  known,  that  not  only  is  there  no  a  priori  obstacle  to  the  expec> 
tation  of  gold  in  the  qnartz  leads  of  the  Keewatin,  but  that  there  is 
some   positive  basis    of  fact    b>  show  that  it   exists    there    in 


'  Nlath  ADDDkl  report,  pp.  98-103. 
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qnantity  safBoient,  in  some  fcases,  to  make  a  valaable  low  grade 
ore  that  oonld  be  profitably  mioed  by  the  same  methods  as  those 
employed  in  the  Black  Hills,  and  at  the  Bopes  mine  in  Miohixaa. 


The  Cktstalline  Rocks  of  the  Minnesota  Valley. 
In  Jane  1888  some  observBtioDs  were  made  abont  Redwood 
Falls.  At  Frazer's  quarry,  in  Honner,  (N.  Redwood  P.  O. )  which 
iB  on  the  eoath  side  of  the  Minnesota,  bat  on  the  northwest  side  of 
the  Redwood,  in  the  bottom  lands  of  the  Minnesota  river,  can  be 
seen  gneiss,  some  of  which  is  prevailingly  red  on  weathered  ex- 
poaaree,  bat  on  quarrying  deeply — and  some  wilhoat  being  quar- 
ried— is  gray.  Thia  rock  is  a  gneiss,  through  and  through,  having 
a  "rift"  which  is  strongly  marked,  and  generally  evident  in  differ- 
ence of  colore  and  in  micaceous  belts,  the  alternations  being  black, 
quartzose,  feldspathic,  reddish,  &o.  There  are  some  places  that 
show  up  as  a  massive,  gray  gneiss,  without  much  banding,  but  the 
whole  rock  is  generally  quite  banded.  Across  these  forms  run 
granulyte  veins,  and  coincident  with  the  gneiaaic  bands  are  other 
orthoclastic  belts,  some  of  them  plainly  fading  out  into  the  gray 
gneiss,  and  some  being  distinctly  separate  for  many  feet  These 
are  either  of  chemical  deposition  entirely,  (as  when  tilling  trans- 
verse fissares)  or  are  produced  by  alow  chemical  metamorphism 
from  the  original  sediments.  In  two  instances  one  of  these  veins, 
aboat  f  in.  wide,  running  transverse  to  the  grain  of  the  gneiss,  split 
in  the  center  of  the  vein,  and  one-half  of  it  adhered  to  one  block, 
and  the  other  to  the  other  block,  when  forced  by  the  operatiooa  of 
the  mine.  This  splitting  ran  about  six  feet,  and  shovved,  when 
cleared  off,  a  sorface  16  in.  by  6  ft.,  and  at  a  distance  I  took  it  at 
first  for  a  vein  16  in.  wide  becanae  viewed  from  that  direction- 
This  vein  matter  was  coarse  red  granulyte.  Other  similar  veins 
when  viewed  on  the  broken  edge  showed  a  distinot  central  plane 
of  union  between  the  growing  acoamulations  on  the  oppoeite  side 

tOupt,  Gibbous.  In  t«at-plttlnj{  fur  Iron  In  flf-ll.  i»  reported  Ui  have  toimd  a  nugget  ot 
gold  valuiid  at  about  four  dollnrn.  and  Mr.  J.Q.  Emerjr  ufHrni^  that  In  the  quartz  Teltia 
In  the  greetiBtniie  on  tlie  soiithtrn  slope  ot  the  Twin  peaWs  south  of  ORlshkemuncle  lake 
he  has  very  frequently  obtained  (told.  It  might  also  hens  b«  rBCc)«led  that  aocardlnjc 
Mr.  £mery.  who  showed  lue  a  sample,  a  Sneiy  granular  ^rapblle  occurs  on  lotB,  ao  K 
sec.  IB,  0I-O.  (eastot  Frazerluke).  He  describes  It  as  surrounded  and  overlain  bjr  gabbro. 
At  a  mile  turtber  west,  and  a  little  north,  It  tihovs  on  the  autfaee  In  a  vein  ten  feet 
wide;  andpleoen  as  lar^e  a.s  a  half  bushel  He  about,  aa  If  throw  u  out  by  the  trost.  It  Is 
also  found  on  theportane  trail  (a  little  north  ol  the  trail)  from  tlie  east  end  of  Frazer 
lake  to  the  lake  next  toward  the  southeast.  Considerable  Iron  ore  Is  reported  by  him 
In  the  greenstone.  In  the  north  parts  of  sees,  i  and3,01-a,  tc.  In  the  region  of  the  Twin 
mountains. 
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of  the  origiDBl  fiseare,  jast  an  in  common  mineral  veins,  thas:  Fig. 
3.  Such  a  plane  wonld  be  a  plane  oE  veaknese,  along  which  in 
quarrying,  the  rock  wonld  be  likely  to  part. 

^  At  Morton,  a  few 

"Nv'^*'  ^.  i  '/i'*^*.>\  j^'  'i'^Viw^      miles  below  Redwood 

'  cX\'-'-"'.^A'-    *  \'V  .  'V^.V'"  '.^     Falla.  situated  in  the 

valley  of  the  Minueeo> 

ta  river,  Saalapangh 

has   recently   opened 

extenaive  qnarries  in 

the  "granite."     Here 

the   Fock  is  mainly  a 

gray  contorted  gneias, 

bat  it  haa,  in  all  the 

asoal   forma,    ifi  n  o  h 

reddish  feldspar  Bap> 

'    ■  ^  ^  ^  '^  ■■'     '  poaed  to  be  othoclase. 

FIk.8.    Layered  veEn  or  Oranulyte.  ■         VeiDS      of      granolyte 

out  the  gneiaeic  atructure.  One  was  14  iuches  wide  and  waa  banded 
ID  the  same  manner  aa  illastrated  by  fig.  3  above,  except  that  ita 
course  was  nearly  perpendicular  to  the  gneissic  rift,  and  it  showed, 
farther,  a  banded  altemati<in  of  qnartz  and  feldspar,  as  illustrated 
by  fig.  4  sketched  on  the  spot. 

Explanation  of  Fig.  i. 
No.  ].    Coarse  orthoclase, with 
"  little  quartz. 

No.2.  Coarse  crystalsof  quartz, 
somewhat  amethystine. 
No.  3.  Same  as  No.  1. 
This  ahowB  a  true  vein  atmo- 
ture,  and  a  chemical  origin 
for  the  "dyke."  The  figure 
ahows  the  planes  separating 
,  the  quartz   from   the    ortho- 

claserather  more  abrupt  and 
'    straight  Ihan  theygare  in  na- 
ture.   Along  the  line  of  coa- 
'  tact  eome  of   the  orthodase 

crystals  penetrate  within  the 
quartz  zone,  and  there  are  a 

FlB.4.     V..l„ofB..dedGran„ly,^B„d  ^^^    l""*^    *^«*"1^  disaemi- 

Amethystine  ijuarti.  Dated  through  the  orthoclase. 

But,  as  a  whole,  the  central  band  of  amethystine  quartz  ie  diatinct 
and  oonataui 
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Another  remarkable  feature  in  the  Morton  quarries,  where  there 
has  been  more  work  done  than  in  any  other  granite  qaarriea  in  the 
state,  and  from  which  they  have  eent  rock  for  street  corbing  to 
Daluth,  is  the  beantifnl  contortion  of  the  gneissio  etrnctare,  which 
on  being  broken,  and  eepeoially  when  cat^hammered,  makes  a 
striping  resembling  that  seen  on  some  fancy  marbles. 

And  yet  another  featnre,  which  allies  this  belt  with  the  transi- 
tion aeries  at  the  northwest  end  of  Vermilion  lake,  is  the  irregular 
mixing  of  the  "mica  schist,"  or  "black  rook,"  with  the  gneiseic 
lighter-colored  rock.  These  so-oalled  mica  schists  appear  as  iso- 
lated masses,  one  as  large  as  ten  feet  across,  bat  nsnally  only  a  few 
inches  in  diameter,  like  bonlders  in  the  midst  of  the  gneiss.  In 
one  conspicnons  instance,  seen  on  a  freshly  cut  block  of  gneies, 
the  laminations  of  the  gneiss  were  seen  to  shape  themselves  about 
the  blaek  mass.  In  many  other  instances  the  black  patches  are 
changed  in  shape,  apparently  by  some  shearing  pressure  incident 
to  the  whole  formation.  They  are  elongated  and  bent  and  strong 
out  like  hooks  and  lenticular  bands,  in  conformity  with  the  direc- 
tion of  the  general  trends  of  the  gneissic  contortions. 

While  these  black  patches  appear  (now)  to  be  largely  micaceous 
and  of  the  same  Jiatnre  as  the  micaceous  element  in  the  gneiss,  yet 
there  is  noticeable  a  difference.  They  seem  to  be  of  changed 
hornblende  or  hornblendio  rock  (1619.)  The  "black  rock"  in  one 
limited  space  was  seen  to  comprise  at  least  half  of  the  whole,  and 
it  seemed  to  be  the  same  ingredient  as  the  black  element  in  the 
gneiss— at  least  so  far  as  its  distribntion  and  relations  could  be 
seen  to  show  anything  of  its  origin.  This  "black  rock"  should  not 
be  confounded  with  another  "black  rook"  which  in  the  form  of  a 
conspicuous  more  recent  dyke  outs  across  the  hill  composed  of 
gneiss. 

The  general  similarity  of  this  quarry  to  the  mixed  condition  of 
the  mica  schist  and  syenite  in  the  northwest  part  of  Vermilion 
lake,  where  the  Vermilioii  series  fades  oat  into  the  gneiss  proper, 
of  the  Laarentian,  is  forcibly  impressed  on  the  mind  of  any  one 
who  is  familiar  with  the  latter.  The  transition  in  the  Minnesota 
Talley,  howCTer,  seems  to  occupy  a  wide  belt,  as  it  extends  at  least 
from  Kedwood  to  Morton — and  indeed  to  occupy  nearly  the  whole 
Talley. 

In  town  111-88  (unorganized),  of  Redwood  county,  sec.  12,  is  a 
glaciated  granite  knob,  the  stries  running  8.  about  45°  E.  This  is 
a  dome  of  gray  contorted  gneiss,  rising  about  twelve  feet  Its 
visible  extent  is  about  200  feet,  and  90  feet  across.  Its  elongation 
is  N  W.  and  SE.     It  is  a  good  rock  for  heavy  quarrying,  as  it  is  not 
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lUTich  jointed.  It  is  heavily  bedded  by  a  eeries  of  overlyiDg  layers 
that  dip  gently  toward  the  soatb,  bo  that  the  steep  aide  ol  the 
koob  is  on  the  north  slope.  The  ooantry  round  aboot  it  is  wild, 
nnoooapied  prairie,  Bmootbly  rolltDg. 

This  rook  shows  no  red  feldspar,  in  that  respeot  being  somewhat 
more  like  the  Honoer  qaarry  than  the  gneiss  at  Morton.  The  top 
is  somewhat  below  the  average  level  of  the  conntry,  and  has  been 
tmoovered  by  the  removal,  by  some  means,  of  the  drift  cover.  The 
field  can  be  plowed  right  ap  to  the  rook  on  all  aides. — Sample 
1520. 

In  making  this  trip  a  new  sort  of  boaldei  was  seen  in  many 
places — a  white  granular  qaartzyte,  eome  of  tbem  two  feet  across. 
They  show  a  plain  sedimentary  stractare,  ard  are  rather  fine- 
grained. They  are  hsaled  with  other  boulders  into  piles  from  the 
fields.  They  look  like  the  osnal  "Winnipeg"  limestone,  of  which 
not  a  piece  was  observed  on  the  trip,  although  they  do  ocour  about 
the  mouth  of  Crow  creek. 

Be-examinaiion  of  Ligniiic  beds  about  Bedtcood  Falls,  In  com- 
pany with  Mr.  Park  Worden,  Capt.  Dunnington  and  Mr.  Terrill, 
of  Bedwood  Falls,  a  number  of  workings  in  lignite  beds  in  the 
vicinity  were  examined,  particularly  in  the  region  of  the  valley  of 
Orow  creek.  One  of  these  was  the  very  spot  that  I  visited  15  years 
ago,  now  caved  in,  and  nearly  lost  to  sight  Another  was  visited 
with  Mr.  Feabody  at  the  identical  spot  where  Grant  and  Bronsseau 
tried  to  get  coal  about  20  years  before.  Xone  of  these  reveal 
anything  new,  nor  give  any  reason  to  vary  from  the  judgment  and 
descriptions  published  in  the  second  annual  report,  respecting  their 
geological  age  and  prospective  economic  value. 

At  Mr.  Farrington's,  on  the  bluff  of  the  Minnesota  near  Grow 
creek,  the  lignite  lies  on  the  decayed  gneiss,  or  on  a  somewhat 
stratified  and  re-arranged  condition  of  it,  due  to  the  Cretaceous 
ocean.  There  is  no  conglomerate  at  the  bottom- -only  this  kaolin- 
io  material. 

UI. 

Beoobd  of  90HE  Field  Observations  made  in  1889. 

Duluth.     On  the  "Weller  road,"  about  a  mile  and  a  half  from 

lake  Saperior  (at  Dulnth)  and  about  two  miles,  by  the  road,  from 

the  business  part  of  the  city,  is  the  spot  that  has  been  referred  to 

<*bBfMe  as  showing  considerable  amounts  of  red  rock  in  the  hills. 

•Survey  BaDipleH  o(  N.  H.  Wlnchell,  Nos.  IB.  U  . 

Compare  also  ProceedlngH  at  tbe  Amertcan  Association  [or  the  Advancement  of 
Sdence.  lesi.   Olnclanatl  meeting,  Typ^t*^  "ifn  uetionK  of  the  Cupriferout  mda  tti  Minn 
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There  is  not  bo  much  of  it  as  I  had  thoaght.  It  ie  very  certainly 
the  same  rock,  and  has  the  same  relation  to  the  gabbro  as  that  seen 
at  Duluth  and  mingled  with  the  gabbro  at  Bice's  point  It  is 
here  in  s  scattered  blotch,  and  in  thin  veins,  in  a  fine  porphyritio, 
gabbroloid  rook— which  last  is  like  much  seen  in  the  city  and  en- 
virons of  Dalnth,  bnt  nut  so  perfectly  and  coarsely  crystalline  as 
the  Bice  point  rock.  While  the  gabbro  is  qaits  different  from  the 
typical  gabbro  at  itice's  point,  it  is  essentially  the  same  rock  and 
of  about  the  same  age.  Indeed  it  is  almost  possible  to  trace  it  oon- 
tinnonsly  from  one  place  to  the  other  along  the  hill  range  that  con- 
nects tfaa  two  places.  No.  1510  showB  the  gray  porphyritio  gabbro 
with  a  fine  magma.  Xo.  1541  shows  oontBCt  of  the  red  rock  on  the 
gray  rock,  1540.  Na  1542  is  the  crystalline  red  lock,  with  some 
light  green  spots.  No.  1543  is  chaloedonic  qaartz  from  this  gabbro, 
as  described  below. 

A  very  interesting  obserratioii  is  made  in  connection  with  this 
modified  gabbro.  On  the  weathered  surface,  where  it  also  presents 
other  irregularities  of  structure,  resembling  coarse  amygdaloid, 
are  seen  white  spots  of  silica.  These  spots  are  sometimes  Titreoos 
and  glistening,  as  if  of  chemically  deposited  quartz,  and  in  some 
central  cavities  quartz  crystals  form  a  drusy  coatinp;.  But  in  other 
places  this  pure  vitreous  white  quartz  becomes  graaalar,  there 
being  a  gradual  passage  from  one  structure  to  the  other,  the  gran- 
ular increasing  in  distinctness  and  ease  of  disintegration  toward  a 
weathered  angle,  or  toward  the  surface.  Very  rarely,  small,  sob- 
translucent  areas  as  large  as  a  wheat  grain,  or  larger,  can  be  seen, 
on  the  disintegration  of  the  vitreous  portions,  which  do  not  disinte- 
grate, resembling  amorphous  or  chaloedonic  silica.  The  disinte- 
grated granular  portions,  however,  are  not  uniformly  fine,  and,  in 
general,  those  [wrtions  are  all  coarser  than  the  fine  granular  silica 
of  the  so-called  chaloedonic  silica  of  the  iron  mines.  This  obser- 
vation shows: — That  the  granular  structure  seen  in  silica,  does 
not  prove  neceaaarily  that  ike  silica  was  of  sedimentary  or  clastic 
origin,  since  this  ia  plainly  the  result  of  long  weathering  of  chem- 
ical selica  in  these  exposed  cliffs. 

These  quartz  masses  do  not  show  plainly  a  banded  agate-like 
structure  like  the  agates  seen  at  Agite  bay.or  Gao3et>erry  river.but 
in  some  of  them  there  is  a  narrow  band  of  harder,  somewhat  red- 
dish, siliceous  rock  that  surrounds  them  and  forms  an  enclosing 
ridge  that  rises  above  the  general  surface.  They  vary  in  size  from 
B  pea  to  eight  inches  long,  and  while  not  very  sharply  angular,  are 
not  of  the  shapes  of  usual  amygdules.  Some  of  them  have  little 
cavities  of  irregular  shapes  in  which  small  quartz  crystals  are  seen 
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projecting,  sod  in  others  the  white  Titreoos  qnartz  is  replaced,  in 
margina]  patches,  or  even  in  larger  table-like  protmsions,  by  a 
milky,  opaque  qaartz,  as  meniioDed  above.  Tskea  altogether  ib 
seems  very  likely  that  these  qaartz  modales  are  iadigenoas  id  this 
gabbro-like  rock,  and  are  DOt  of  the  nature  of  foreign  or  trans- 
ported masses,  but  have  originated  in  the  gabbro  by  secretion,  in  a 
manner  similar  to  the  chalcedonio  agates  in  the  trap  at  the  month 
of  Gooseberry  river  (519).  , 

Ai  the  Iron  Mine3  at  Tmoer.  The  designations  of  the  varioas 
"mines"  have  been  changed  since  the  ownership  changed.  They 
are  now  known  by  nnmber,  viz: 

No.  1  is  what  was  known,  and  designated  in  our  former  reports 
as  the  Htuntz  mine.  It  is  the  most  easterJy  of  those  on  the  soath- 
ern  slope  of  the  "north  range." 

No.  2  is  what  was  formerly  known  as  East  Stone  mine. 

No.  <t  is  what  was  formerly  known  as  Stone  mine. 

No.  4  is  what  was  formerly  known  as  Stone  mine. 

No.  6  is  what  was  formerly  known  as  East  Ely  mine. 

No.  6  is  what  was  formerly  known  as  West  Ely  mine. 

No.  7  is  a  pit  on  the  former  Tower  mine. 

No.  8  is  what  was  formerly  known  aa  the  East  Tower  mine. 

No.  9  is  what  was  formerly  known  as  the  West  Tower  mine. 

No.  10  is  what  was  formerly  known  as  the  Lee  mine. 

No.  11  is  what  was  formerly  known  as  the  East  Lee  mine. 

No.  12  is  what  was  formerly  included  in  the  Breitung  mine. 

No.  13  is  what  was  formerly  included  in  the  West  Breitnng  mine. 

Under  the  direction  of  Mr.  H.  A.  Wilcox  a  syetematic  probing  of 
tiie  region  has  be(>n  carried  on  by  diamond  drill.  This  has  resalted 
in  the  discovery  of  the  existence  of  ore  in  some  places  not  known 
before,  and  particularly  near  Tower  in  the  "south  ridge"  or  Lee 
mine.  Some  of  the  particalars  of  this  drilling  have  been  supplied 
to  the  survey.  Indeed,  through  the  coartesy  of  Mr.  Geo.  0.  Stone, 
and  of  SupL  Bacon,  every  part  of  the  mine,  and  all  the  records 
whether  of  drilling,  assaying,  mapping,  shipping  and  grading,  per- 
taining to  the  operation  of  the  company,  were  thrown  open  to  the 
writer  for  the  use  that  might  be  wished  for  the  purposes  of  the  sur- 
vey. Much  assistance  was  afforded  in  making  this  re- examination, 
by  the  co-operation  of  the  officers  and  the  mining  captains  of  the 
Minnesota  Iron  Company,  and  especially  by  the  records  of  the 
drilling  and  some  chemical  analysea,  the  former  by  Mr.  H.  A.  Wil- 
cox and  the  latter  by  —  Waters.  Most  of  this  detailed  information 
is  to  be  found  in  the  special  report  on  the  iron  ores  of  the  state — 
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Balletin  No.  6,  accompanying  this  report,  bat  pablished  separately. 
Sabeeqaently  the  aame  coartesy  was  extended  to  tbe  sarvey  by 
the  eaperintendent  and  other  officers  of  tbe  mines  at  Ely. 

Tbe  purpose  of  tbis  more  detailed  re-snrrey  was  to  arrive,  &e 
nearly  as  might  be,  at  a  final  conclusion,  based  on  facts  obeerred 
in  the  field,  tonohing  the  question  of  the  origin  of  the  iron  ore;  and 
while  that  was  a  primary  purpose,  it  was  intended  also  to  obtain 
more  details  of  the  actual  manner  of  occurrence  of  the  ores,  the 
operation  of  tbe  mineB,  and  all  tbe  statistics  that  would  be  needed 
in  making  a  full  presentation  of  the  iron  ores  in  published  form. 

These  observations  were  made  in  company  with,  and  by  the  as- 
sistance of  Mr.  Horace  V.  Winchell  who  had  previously  examined 
many  iron  localities  in  tbe  state,  and  had  been  exclusively  at  work 
on  tbe  iron  deposits  for  about  a  yesr,  and  who  was  familiar  with 
all  tlie  theories  that  bad  been  proposed,  and  the  obstaclea  that  they 
met  with.  We  eabsequeutly  published  in  Tke  American  Oeolo- 
gisi,"  a  summary  and  preliminary  statement  of  the  probable  result 
of  the  invest! gat iou,  so  far  as  it  related  to  the  origin  of  the  ore 
itself,  and  tbe  same  view  is  presented  again,  more  fully,  with  many 
facts  that  sustain  it,  in  another  part  of  this  report. 

At  this  place  but  little  more  will  be  given  than  the  connected 
thread  of  ancoessive  field  observation,  with  references  to  the  illus- 
trative rock  samples,  and  some  of  the  steps  in  the  argument. 

At  the  Lee  mine,  rock  sample  1546.  Here  we  collected  some  of 
the  quartz  crystala  lining  vugs  in  tbe  dense  hematite.  These  have 
not  the  clouded  "cbalcedonic"  appearance  of  crystals  formed 
rapidly,  or  of  rapid  chemical  accumulation  without  crystalization, 
such  as  seen  in  the  quartz  in  the  jaspilyte.  This  kind  of  quartz 
in  the  ores  of  the  district  has  frequently  been  described  in  the  re- 
porte,  and  it  has  been  supposed  to  have  had  a  later  origin  than  the 
jaspilitic  quartz. 

In  the  damp  at  the  Lee  mine  (No.  10  as  abovp,)  is  seen  a 
reddi&h,  earthy-looking  jaspilyte,  beautifully  streaked  as  with 
sedimentary  banding— No,  1547,  It  contains  much  pyrites,  which 
is  in  bands  and  streaks  coincident  with  the  banding,  this  being 
apparently  tbe  f  <rm  taken  by  the  ore  when  accumulated  under  cir- 
oumstsnoes  that  gave  the  jaspilyte  this  earthy  character.  While 
this  pyrite  is  disseminated  minutely  through  the  whole  of  this,  yet 
in  larger  quantity  it  frequents  certain  bands.  It  is  noticed  that 
these  bands  cease  abraptly  along  one  side,  when  viewed  on  the 

p.  391.    On  a  po»itble  ditmleal  origin  of  Vte  Iron  onofth    • 
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broksD  edge  ot  the  sedtmeotatioD,  as  if  the  ooaditionB  allowing  its 
formation  were  wholly  and  sadden];  ohasged  is  that  direotioo. 
Bat  OD  the  other  margia  the  pyritiferoae  bands  fade  ont  gradoalljr 
in  the  midst  of  the  other  rock.  This  is  the  first  instance  in  which 
any  saoh  rariatioD,  indicating  an  apper  and  a  lower  side  to  the 
jaspilyte  in  the  procesa  of  formation,  has  been  obserred.  It  is 
probable  that  the  line  along  which  the  abrnpt  change  is  introduced 
was  the  lower  side  of  the  pyrite  bond,  and  if  the  position  of  this 
impure  jaspilyte  within  the  mine,  with  respect  to  the  strike  of  the 
ore  mass,  oonld  be  ascertained,  it  woald  famish  a  key  to  the  strati- 
graphio  order  of  eaper- position  of  strata  of  the  region-a  desideretam 
which  has  not  yet  been  supplied  by  actual  obser;  ation,  though  it 
has  been  hypothetically  dedaoed  from  a  general  view  of  the  whole 
region.  The  principal  pyrittc  streaks  are  about  a  qnarter  of  an 
inch  apart,  but  there  are  intermeiUate  variationa  that  also  prodace 
streaks,  anj  on  one  side  of  the  specimen  collected  the  principal 
streaks  are  about  three  quarters  of  an  inch  apart,  and  somewhat 
ondulating. 

In  other  pieces  this  impure  streaked  jaspilyte  appears  as  a 
pyritiferous  impnre  hematite,  and  in  others,  still,  the  pyritiferoas 
character  is  generally  disseminated  in  the  breccia  of  hematite  and 
earthy  jaspilyte.  In  larger  cubes  the  pyrites  is  seen  in  a  sort  of 
soft  greenstone. 

1548.  Breccia,  a  somewhat  stratiform  mass  of  fine  pieces  of  red 
jasper,  hematite,  jaspilyte,  qaartz. 

1549.  Crystals  that  seem  to  be  ohaloopyrite,  colored  sometimes 
bine  like  embesoite  ( ?)  or  bornite,  Lee  mine. 

[On  farther  examination  these  blue  crystalline  grains  seem  to 
be  hematite  tarnished.] 

1550.  Finely  banded,  whitish  jaspilyte,  part  ot  a  breccia,  Lee 
mine. 

1551.  Hard  hematite,  with  conspiouoas  included  crystalline 
masses  that  appear  to  be  chalcopyrite. 

Going  in  the  pit  of  the  Lee  mine,  which  is  now  100  feet  in  depth, 
under  the  direction  of  the  foreman  (because  we  inquired  as  to  the 
place  of  rock  No.  1547  in  the  mine),  we  find  the  succession  across 
the  Lee  mine  to  t>e  as  follows: 

In  fig.  6,  which  is  an  outline  plan  of  No.  10,  formerly  known  as 
the  Lee  mine,  the  star  (*)  indicates  where  the  b>dded  rock,  No. 
1547,  was  found.  Next  north  of  it  is  breccia,  with  green  stone 
material,  with  considerable  pyrite  and  with  the  well-known 
white  kaolinic,  white  substance.     In  the  kaolinio  material  are  ser- 
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icitic,  but  rather  hard  and  coarse-grained  pebbles.  There  Ib  an 
abmpt  tranaitioD  from  fine,  hard  hematite  to  the  rock  1547,  bat 
the  contact,  which  can,  with  some  diMcnlty,  be  traced  oat  on  the 
face  of  the  wall,  is  tortnoua  and  obliqae.  In  the  kaolinio  material 
are  also  rounded  pebbles  of  No.  1547.  The  general  order  of  sac- 
ceBsion,  across  the  mine,  is  thus,  from  north  tu  south. 
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Fig.  S.    OtUUne  plan  of  the  Lee  mine. 

1.  Greenstone  of  the  country,  a  chloritic  schist,  north  stdeof  the  mine. 

2.  Breccia  of  greenstone.  Impure  Jaspilyte  (rock  1647)  and  Iron  ore,  with 
much  pyrite. 

3.  Ued,  impure,  sedimentary  banded  jaspilyte,  somewhat  resembling, 
In  some  places,  a  red  shale,  though  it  Is  always  boo  bard  and  too  heavy  to 
be  called  shale.  It  Is  dliTerent  from  the  well-known  jaspilyte,  as  it  shows 
no  distinct  chalcedonlc  silica,  and  only  occasionally  any  distinct  lines  of 
hematite.  It  is  not  an  Important  deposit,  as  to  its  amount,  but  appar- 
ently quite  so  as  to  its  uature  and  origin,  and  its  possible  relation  to  the 
pure  jaspilyte. 

4.  Fine,  hard  hematite,  pure. 

5.  Main  mass  of  ore;  at  Its  narrowest  place  about  five  feet  wide,  at  the 
present  face  of  the  slope. 

6.  Jaspilyte,  too  poor  to  mine. 

7.  Greenstone  schist,  on  the  south  side  of  the  mine. 

It  seems  as  if  the  sucoeesion  of  formation  progressed  from  the 
Bonth  to  the  north  (or  from  No.  7  to  No.  1),  the  impare  jasper,  No. 
3  (or  red  ebale)  being  formed  by  wash  from  No.  4,  bat  rendered 
soft  and  impare  by  influx  of  materials  from  No.  7,  or  some  other 
adjacent  greenstone,  and  accumulated  only  in  favorable  nooks, 
followed  by  another  greenstone  (or  schist),  the  latter  serring,  not 
only  to  break  up  and  embrace  in  form  of  a  breccia  all  the  forego- 
ing (Nos.  7  to  3),  some  of  the  inolaeions  being  from  the  impure 
jaspilyte,  some  from  the  iron  ore,  and  some  from  the  jasper  farther 
south^but  to  oontravene  all  the  forces,  whatever  they  were,  that 
deposited  the  jaspilyte,  and  to  substitute  its  own  prodaots  entirely, 
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with  little  or  no  modifioatioa,  for  the  hematite  and  silica  that  had 
been  depoaitfd  immediately  before.  IE  thie  achist  {Ho.  1)  were  an 
ondoiibted,  massive,  homogeueoas,  non-claetic  roob,  it  would  be 
necessary  to  infer  that  the  jaspilyte  had  been  ooTered  by  a  diabase 
overflow,  and  that  in  the  bottom  of  the  lava  the  matetials  of  all  the 
former  strata  had  been  involved  in  a  breooiated  condition.  The 
occQirence  of  this  breooia  on  the  nottli  side  of  the  main  jaspilyte 
msBS,  however,  is  not  oonclnsive  evidence  of  the  later  date  of  the 
origin  of  the  northern  side  of  the  Lee  mine,  since  there  are  jaspi- 
lyte masses  in  the  green  schist  further  noith  still,  and  some  of 
them,  when  they  were  entire  and  contiunoua  in  one  mass,  may 
have  snpplied  the  material  for  the  breccia,  allowing  the  order  of 
formation  to  have  been  from  north  to  soath. 

Not  far  from  Lee  mine,  by  the  old  roadside  leading  to  the  Breit- 
nng  mine  and  to  the  "location,"  on  the  top  of  the  main  hill,  a  large 
bonlder  was  found  of  the  Stnntz  conglomerate,  and  its  examination 
afforded  some  interesting  facts. 

1.  This  boalder  contains  pebbles  of  chalcedonic  quartz  (1552), 
some  of  them  being  several  inches  across. 

2.  It  contains  pebbles  of  gray,  quartzose  felayte  (1653  and 
1554). 

3.  In  these  Eelsyte  pebbles,  which  themselves  are  older  than  the 
bonlder  in  which  they  are  embraced,  are  rounded  vitreous  quartz 
pebbles  which  do  not  indicate  any  granular  strnctore  like  the 
so-called  chalcedonic  silica. 

4.  Some  of  the  pebbles  of  15o3,  represented  also  by  16S6,  seem 
to  exhibit  an  imperfect  porphyritic  structure,  approaching  that  of 
"porphyrel"  at  Eekekebio  lake,  which  they  also  resemble  in  nearly 
all  other  respects.  Thie  may  point  to  some  relationship  between 
the  Keewatin  sohists  represented  by  the  Stnntz  conglomerate,  and 
the  porphyreL     The  rocks,  however,  need  a  closer  comparison. 

The  important  resalt  of  this  observation,  however,  is  in  the  bear- 
ing it  has  on  the  nnture  of  the  granular  structure  of  the  jaspilitic 
silica.  It  has  been  presnmed  by  some  that  the  jaspilitic  silica  is 
granulated  beoaose  of  incipient  decay,  in  the  manner  that  the 
geodic  silica  in  the  gabbro  near  Dnlnth  becomes  granular.  Not 
to  mention  here  the  evident  difference  between  the  granalation  that 
is  dae  to  decay  and  that  which  is  seen  in  the  chalcedonic  silica  of 
the  iron  mines,  it  is  sufficient  to  call  attention  to  the  perfectly  in- 
tact vitreous  condition  of  the  quartz  pebbles  within  the  pebbles  in 
this  bonlder,  even  when  by  fracture  they  have  been  brought  to  the 
surface  of  the  boulder,  and  the  perfectly  characteristic  chalcedonic 
granulation  seen  in  the  younger  pebble  of  jaspilitic  silica.  No. 
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1552  above.  That  which  is  non-ffrannlar  io  thiB  boalder  is  neoCB- 
sarily  older,  and  has  suffered  more  revolation  oF  physical  exposure, 
than  that  which  is  granular,  for  it  is  embraced  within  a  smaller 
pebble,  whereas  the  granalar-Bilioa  pebbles  are  not  so  embraced. 
The  granular  silica  pebbles  are  oE  the  age  (so  far  as  respects  the 
formation  of  this  boulder)  of  the  gray  guartzose  felsyte  which  in- 
closes the  non-grannlar  silica  pebbles.  The  inference  is  inevitable 
that  it  cannot  be  exposure  and  incipient  decay  which  causes  the 
grannlar  condition  of  the  jaspilitic  silica. 

We  visited  again  the  place  that  has  been  bo  many  times  referred 
to  south  of  the  Stone  mine  (pits  Nos.  'i  and  3)  where,at  the  railroad 
cut,  there  ie  sach  acnrious  mingling  of  the  green  sohistof  the  region 
with  jaepilyte.  I  visited  this  cot  with  M.  E.  Wadsworth  in  1886, 
to  call  hia  attention  to  the  sedimentary  interbedding  of  the  sohist 
and  jaepilyte.  There  ie  a  thin-leaved  interstratification,  and  the 
jaspilyte  is  genuine,  as  such,  not  in  "compound  grains"  as  I  had 
aurmised.  Cutting  all  this  chalcedonio  quartz  are  distinctly  dif- 
ferent veins  of  glassy  quartz,  of  chemical  origin,  which  has  to  be 
kept  separate  from  the  jaspilyte,  some  of  them  being  six  inoheB 
wide,  and  others  not  more  than  one-foarth  of  an  inch — also  geodio 
masses  of  the  same. 

Not  only  is  the  chiloedonio  silica  here  iaterbsdded,  in  lentioalar 
sheets  of  the  extent  of  one  to  three  feet,  (but  frequently  of  leas  ex- 
tent) bnt  also  there  are  small  pieoee  dtsBeminated  through  the 
schist,  from  the  size  of  a  pin-head  to  tbat  of  a  man's  fist,  and  alao 
large  masses  having  a  red  and  purple  color,  placed  somewhat  ir- 
regalarly  in  the  schist. 

There  is  also  a  siliceous  base  in  the  schist,  which  has  this  same 
chaloedonic  grain,  and  some  layers,  (lentioalar  atill)  of  a  hard 
green  rock,  apparently  more  charged  with  thia  same  silica. 

As  to  this  manner  of  occurrence  of  jaspilyte,  I  cannot  make  it 
consistent  with  any  eruptive  hypothesis — nor  yet  with  sedimentary. 
The  green  schist  is  not  here  dearly  'of  sedimentary  etructore, 
though  there  are  variations  in  it  to  a  more  firm  and  silioeona  char- 
acter, that  may  be  attribated  to  sedimentary  accumulation.  It 
appears  to  be  beet  explained  by  supposing  a  combination  of  erup- 
tive and  aqueous  agenoiea. 

South  of  the  Breitung  opening,  near  the  west  end  of  the  so-called 
"  north  ridge,"  runs  a  narrow  streak  of  ore,  about  east  and  west, 
and  since  I  saw  it  last  it  has  been  worked  some.  Westwardly  it 
suddenly  ceases,  and  a  awampy  patch  supervenes,  so  far  as  can  be 
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se6D  IB  that  direction.  Toward  the  east  it  risra  in  the  aouth  slope 
of  the  main  ridge,  bat  as  it  is  under  drift  depositB  it  oaonot  bia 
traced  bat  a  sh<^  diatanoe,  and  espeoially  ainoe  where  the  work 
ceases  in  that  direction  it  became  rather  narrow — say  foar  feet,  and 
Beamed  not  to  contain  mnoh  ore.  The  straotare  of  the  green 
Bchiste  here  dips  northerly  at  85°  from  the  horizon,  and  the  belt 
of  iron  and  jasper  oscillates  in  the  sohiats  on  one  and  the  other 
side  of  a  right  line. 

This  iron  deposit  is  not  finit-claee,  bat  often  pyritif eroos,  spongy 
and  irregalar,  and  apparently  somewhat  manganeaio.  The  sohisto, 
at  the  spot  where  this  belt 
orosaea  the  road  to  the 
Breitnng  mine  (No.  12), 
ahow  a  granular  graywacke 
or  sedimentary  stmotore 
and  origin,  bnt  not  gener- 
aUy. 

On  inspecting  the  order 
of  changes  in  the  stratifica- 
tion acroBS  this  narrow  iron 
belt  where  exposed  in  the 
cat  at  the  eastern  end  of 
one  of  these  small  pits,  a 
north  and  south  section  is 
obtained.. 

The  narrow  ore-belt,  a 
section  of  which  ia  aeen  in 
figure  six,  ia  very  largely 
"derived"  from  some  other 
larger  bed.  It  is  not  ex- 
actly liketheregular  jaspi- 
lyte  ore  of  the  north  ridge, 
inasmaoh  aa  it  ia  fragmen- 
tal  and  oomiata  of  roonded 
maaaes  of  both  jaspilyte 
and  green  achiat.  This  is 
conapicuoasly  so  in  the 
breccia  on  the  aoathem 
side  and  in  the  oonglom- 
rig.  No.  8.  erate  on  the  northern  side. 

''°"teaS:?i.Th'.«™'?;rb.1l;"'""  Through  the  «ntr.l  pi«t 
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of  the  ore  itaelf  there  is  oonsiderable  pyrites,  and  on  the 
Boathem  enrfaoe  qf  the  ore^treak  can  be  saen  some  original 
JMpilitio  ailioB,  where  the  hematite  is  hard.  There  ia  in  this  ore- 
belt,  beeidea,  a  ooneiderable  amount  of  limonite,  some  of  it  in  bot- 
r7oidalBarfBceBonqaartzoryBtals,andonhemaiite(1564).  The  lim- 
onite sometimes  is  further  covered  with  a  thin  bine  ooat,  and  in  some 
oases,  especially  in  the  rioinity  of  pyrite,  there  is  a  sorfaoe  of  cos- 
comb  crystals,  like  hematite,  oovered  with  black,  whioh  last  possi* 
bly  is  manganese. 

A  little  to  the  sooth  of  this  opening  is  a  shaft  fOr  hoisting  from 
this  pit  It  seems  to  have  enoonntered  flinty,  gray  to  dark  gray, 
JBspilyte  ( 1566)  jnilging  from  a  large  number  of  fresh,  large  pieces 
that  lie  near  in  the  damp,  (=.^^866  B).    Compare  1277. 

The  principal  Breitong  opening  is  very  irregolar,  the  direction 
of  strike  of  the  main  ore  mass  winding  abont  in  the  green  schist 
from  east  to  west  so  as  to  mn  nearly  north  and  sontb,  and  abruptly 
oeaaing,  or  beginning  where  not  expected.  Three  things  are  notice- 
able in  conjunction  with  the  ore. 

let.  It  is  heavily  jointed,  about  horizontally,  but  this  jointed 
part  is  better  ore,  and  lies  below  a  lees  jointed  mass  of  jospilyte, ' 
the  line  between  them  being  characterized  by  a  rotted  belt  (1566), 
running  diagonally  across  the  face  of  the  wall  and  descending  toward 
the  west  This  belt  where  moat  rotted  is  a  breccia,  so  that  it  is  easily 
dog  oot  even  by  the  hand,  and  the  part  that  disappears  by  rotting 
oonsists  of  angular  jaspilyte  masses.  Several  other  beds  of  similar 
soft  and  rotted  material  are  seen  in  the  ore,  sloping  toward  the  west, 
some  of  them  being  lenticular.  The  occasion  of  this  rotting  is  the 
existence  of  the  joint,  into  lAich  water  enters  at  the  top  of  the 
ridge  where  it  comes  to  the  surface.  The  joint  outs  everything, 
rigidly,  whether  breccia  or  not,  and  the  breccia  is  most  disintegrated 
by  the  moisture  and  frost.  This  is  evident  because,  while  the  rotted 
belt  in  the  main  follows  the  sloping  joint,  the  rotted  belt  widens  out 
when  it  approaches  and  outs  a  breccia  layer  or  mass,  in  the  main 
rock,  and  in  other  places  the  beds  of  jaspilyte  are  preserved  entire 
or  mainly  so  (when  not  breocia)  acroes  the  rotted  layer. 

2nd.  The  surface  of  the  ore  abots  immediately  on  the  green- 
stone, and  the  two  surfaces  are  motoally  slickensided,  the  green- 
stone, in  one  instance  at  least,  having  a  fine,  curved,  semi-basaltic 
strooture  whioh  at  the  junction  is  nearly  perpendicular  to  the  sur- 
face of  contact.  But  in  other  oases  the  schist  ie  red  andheurd  along 
the  contact  for  some  distance,  say  for  twelve  or  sixteen  inches,  and 
is  closely  cross  jointed  and  broken,  rendering  it  fiseile  in  small 
angular  lumps. 
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3rd.  In  the  renuuning  ridge,  which  aap&r&te  the  Breitang  from 
the  Tower,  the  firm  jaspUyie  of  whioh  it  oonBiatB  is  Been  to  contain, 
in  MTeral  plaoee,  and  in  one  place  in  a  somewhat  oontinnons  layer 
traceable,  with  some  intermptionB,  twenty  or  more  feet,  a  breccia 
and  conglomerate,  one  inch  to  four  inches  wide,  in  which  are  email 
roonded,  or  sab-roanded,  at  least  water  worn,  pebbles  of  vitreooB 
quartz  (1567).  There  are,  on  both  sides  of  this  band,  and  in  many 
^aoes  over  this  immediate  vicinity,  spots  of  breccia  of  chaloedonio 
silica,  cemented  by  smaller  breccia  and  pebbles,  as  well  as  by  mass- 
ive chaloedonio  silica,  all  of  which  consist  of  the  well  known  chal- 
ee<^nic  silica.  Bat  in  the  above  vitreons  silica  there  is  no  snch 
fine  grain  as  that  which  oharaoterizes  the  jaspilitic  silica.  On  the 
h3rpotheei8  of  decay  and  disintegration,  as  the  caose  of  the  granu- 
lar condition,  why  is  not  this  condition  seen  also  in  these  ronnded 
vitreooB  grains  which  mnst  be  older  than  the  chalcedonio  silica  in 
which  they  are  embraced?  This  observstion,  like  that  already  de- 
tailed on  the  pebbles  of  a  large  botdder  seen  not  far  from  the  Lee 
mine,  negatives  all  resort  to  snch  hypothesis.  In  this  pebbly  jas- 
pilyte  the  vitreons  qnartz  grains,  although  obvious,  qre  distribated 
rather  sparsely,  and  the  whole  space  they  oocapy,  forming  an  ir- 
r^nlar  and  intermpted  vanishing  belt,  or  layer,  near  the  center  of 
the  main  mass,  is  not  more  than  three  or  four  inches  wide,  and  is 
not  a  noticeable  band. 

North  of  the  Tower  mine  (No.  8),  on  the  north  slope  of  the 
north  ridge,  is  a  oonspionoos  shoolder-like  protrosion  of  hard  rib- 
bon-jasper, with  choraoteristia  dndnlating  and  contorted  bonds. 
This  jasper  has  five  or  six  thin  layers  of  green  schist,  or  siliceous 
green  schist,  mnning  through  it,  whioh  were  cotemporary  with  the 
formation  of  the  jasper,  since  they  are  flexed  with  the  red  and 
white  bands.  These  layers  enter  on  the  eastern  border  of  the 
exposure  and  oontinae  zigzag  across  it,  bat  some  of  them  pinch 
out  or  fade  oat  before  they  reach  the  eastern  border.  One  of 
them,  after  snch  diaappearanoe,  rises  again  faintly  a  faw  inches 
farther  west  between  the  same  colored  bands  that  enclosed  it 
further  east.  Figure  7  was  sketched  from  this  jaspilyte  sorfaoe, 
with  the  design  to  indicate  the  forms  and  alternations  that  are  ex- 
hibited, but  no  drawing  can  show  all  the  oontortions,  and  transi- 
tioDS,  and  alternations.  The  shaded  part  is  one  of  the  green  schist 
bonds.  On  dose  inspection  it  is  foand  to  be  oonsidRrobly  modified 
from  the  Epical  green  schist  of  the  country,  hoving  o  tiberol  per- 
oentoge  of  silica — indeed  it  is  so  siliceous  that  were  it  not  for  the 
controst  it  presents  with  the  smooth,  hard  jasper  it  would  hardly 
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be  oslled  green  sohiat  Other 

belts  of  it,  however,   are  leea 

firm,  and  fade  gradcally  into 

a  Bofter    (yet  oomporatiTely 

Bilioeoaa)  li|^t-green    eoiiist 

which  cannot  be  mistaken  for 

anything  else  than  a  part  of 

the  same  rook  as  the  green 

schist  of  the  ooontry.   In  case 

of  all  these  green  schist  belts, 

though   more  siliceoas    than 

I  the   average  green  schist  of 

£  the  coontry,   they  have  disin- 

b  tegrated  and  been  removed  by 

1  the  action  of  froet  and  vege- 
"^tation,    BO    that  along  their 

2  coarse  across  the  jaepilyte 
t knob,  are  little  tortaons 
I  grooves  dae  to  their  more  rap- 
S  id  decay.  A  pbotf^raph  was 
I  made  of  this  jaspilyte  surface 
"a  tor  which  see  bolletin  No.  6. 

I     In  Fig.  7  the  booked  ex- 

I  paneion  and  sndden  termina- 

a  tion  of  the  green  schist  band 

~  are  in  connection  with,  and  a 

^  part  of  a  general  contortion 

e  in  the  jaspilyte  which  bends 

I  in  the  same  direction,  i.  e, 

t  some  of  the  thin  layers  da 

1  The  lamina  of  green  eohist, 

^  in  an    attenuated    condition 

^  runs  from  the  end  of  the  hook 

some  further  and  eqaeezes  ont 

grednally,  and  is    lost,    the 

jaspilj'ie  walls  coming  togeth* 

er,  BO  far  as  the  appearance 

shows  on  the  glaciated  soi- 

f  ace.    Beyond  the  keel  of  the 

hook,  however,  in  the  genend 

course  of  direction  of  the  band, 

the  green  sehist  band  appears 

again,  and  oontinaes  as  far  as 

the  onoovered  oosdition    of 

the  sarfaoe  will  allow  ot  its 
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being  tra«ed.  Hero  the  ooDtordoo  is  in  the  form  of  a  awell- 
ing  and  lifting  toward  the  north.  The  beds  next  south  ran  along 
without  showing  any  sympathy  with  this  irregularity.  There  is 
also  a  similar  protrusion  and  contortion  seen  on  the  north  side  near 
the  center  of  the  sketch.  On  the  south  side  here  also  the  jasper 
ribbons  are  not  disturbed.  These  contorted  protrusions  toward  the 
north  must  have  formed  before  the  formation  of  the  succeeding 
jasper  bands  in  that  direction,  because,  not  only  do  they  not  par- 
ticipate in  the  contortion,  but  easily  pass  by  the  protrusions  with 
gentle  swells  and  flexuree  that  are  independent  of  the  close 
orUmpIing. 

The  shaded  part  (Fig.  7)  is  a  belt  of  green  schist  No.  i.  at  the 
left  is  a  thin  scale  of  brown  jasper.  Toward  the  right  further  it  is 
gradually  replaced  by  a  thin  scale,  and  farther  stilt  to  the  right  by 
a  narrow  ribbon,  of  hematite.  In  this  brown  jasper  are  lenticulee 
of  crimson  jasper,  presenting  a  maculated  handsonoe  surface.  It 
also  shows  the  fine  lamination  one  thirty-second  part  of  an  inch 
wide  which  has  before  been  mentioned  as  a  characteristic  of  the 
jaspilyte  ribbons.  It  also  embraces  thin  sheets  of  hematite,  and 
it  is  cut  and  cemented  by  transrerae  veins  of  crystalline  -ritreous 
silica.  No.  2  is  mainly  hematite,  but  it  has  threads  (really  sections 
of  sheets)  of  brown  jasper;  and  at  the  central  swell  it  is  rendered 
impure,  l>eing  broken,  spread,  separated  by  brown  jasper  sheets, 
and  occupies,  with  the  jaepw  associated  with  it,  the  whole  of  the 
swell.  No.  3  is  a  broad  band  of  brown  jasper,  that  also  shows  the 
crimson  jasper  already  mentioned.  Ko.  4  embraces  a  group  of 
hematite  sheets  interleaved  with  jasper,  too  thin  and  too  dose  to 
be  separately  traced.  No.  5  is  a  band  of  hematite  which,  at  the 
east  end  of  the  sketch  is  seen  to  be  flexed  southward  so  as  to  em- 
brace and  to  coincide  with  the  pot-hook  direction  of  the  green  schist,  . 
but  toward  the  west  runs  independently  of  the  sharp  north-side 
hook  at  the  west  end  of  the  sketch. 

The  inevitable  inferences  from  a  study  of  this  rook  surtaoe  are: 
(1)  that  the  two  sabstances,  the  green  schist  and  the  siliceous 
jaapiljrte  and  the  hematite  were  the  product  of  practically  identical 
forces  acting  on  different  objects;  (2)  that  after  the  formation  of 
some  of  the  narrow  bonds  they  were  diarapted  and  contorted 
before  the  formation  of  the  next  succeeding  bands;  (3)  that  the 
southern  side  was  the  lower,  and  hence  the  older  side,  and  that  the 
growth  was  from  the  south  to  the  north  (as  the  beds  now  stand); 
and  (4)  that  thero  was  usually  a  complete  oeasation  of  the  de- 
posit of  the  siliceous  jaspilyte  when  the  materials  of  the  green 
schist  were  accumulating,  and  vice  versa,  but  that  occasionally,  as 
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illostrated  in  these  rather  hard  bands  of  (treen  schist,  the  tvo  sob- 
stanoes  were  depouted  simnltaneonsl;. 

Any  theory  that  will  Batisfaotorily  soeomit  for  the  origin  of  the 
£eewatin  iron  ores,  mnat  allow  for  these  inferenoes  from  the 
physical  straotnre  at  the  aame  time  that  it  plausibly  aoooonte  for 
the  origination  of  the  elements  of  which  the  jaspilyte  and  the 
green  schist  oonsist. 

The  fact  that  there  was  some  force  oonoemed  that  ooold  fracture 
the  Isst-laid-down  layer  without  dietorbing  the  deeper  onee,  and 
that  it  was  remittent,  so  that  succeeding  layers  were  normally 
formed  and  were  not  fractured  is  demonstrated  also  by  a  sketch 
made  here  showing  an  interrupted  layer  of  brown  jasper,  the 
separated  parts  being  surrounded  by  hematite  and  embraced  in  a 
continuous  schist  of  it,  one  of  the  integral  bands  of  the  jaspilyte, 
but  themselves  also  seamed  by  crystalline  silica  at  other  points. 
See  bulletin  Na  6. 

I  am  impressed  with  the  indications  that  this  silica  is  arranged 
by  sedimentation.  What  was  its  origin? — probably  chemically 
precipitated;  perhaps  also  that  of  the  Bt  Peter  sandstoue,  although 
they  are  very  different  in  respect  to  size  of  grain  and  in  age.  The 
eruptions  of  basic  rock  that  characterized  the  £eewatin  must 
have  made  such  ohangee  in  the  chemical  conditions  of  the  oceanic 
water  that  silica  and  hematite  were  thrown  down.  Can  that  be 
shown?  Then  came,  if  not  the  minute  crumpling,  at  least  the 
general  tilting  which  has  brought  the  beds  to  rertioality. 

It  is  well  known  that  the  first  attempt  to  extract  ore  from  these 
hills  was  made  by  George  R  Stantz  and  John  Mallmann.  Mr. 
Mallmann  happened  to  be  at  Tower  at  the  time  this  examination 
was  being  made,  and  he  kindly  pointed  oat  the  spot  where  this 
working  was  done,  and  we  made  a  photograph  of  the  same.  It  is 
near  the  Lee  mine,  on  the  sonth  side  of  the  "south  ridge,"  not  far 
west  of  the  east  opening  {No.  11).  By  the  blast  one  large  lenticu- 
lar mass  weighing  tiiree  or  four  tons  was  rent  from  the  south  side 
of  the  jasper  bluff.  The  photo  ie  intended  to  show  this.  In  the 
hole  excavated  by  the  men  and  by  the  blast  bushes  have  now 
grown  up,  bat  the  course  of  the  drill  ia  still  visible  on  the  upper 
side  of  the  dislodged  mass.  The  photograph  is  reproduced  in 
Bulletin  Xo.  6. 

In  the  highest  of  the  tunnels  of  the  Tower  mine,  which  dis- 
charges southward,  and  also  the  most  westerly,  and  at  the  southern 
end,  is  a  north  and   sonth  rock-cut  which  seems  to  trans-sect 
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it  a  more  weetem  point,  the  rook  to  whioh  I  have  bo  often  referred 
at  the  railroad  ontting  immediately  BOath  of  the  Stone  mine,  about 
half  a  mile  further  east.  The  mixed  and  generally  ioterleaved 
Dondition  of  the  green  echist  and  the  jaspilyte  is  the  same,  bat  at 
this  place,  as  the  oat  is  aoroea  the  Btraoture  more  oan  be  seen  of 
the  relations  of  tiie  two  rooks,  viz. : 

1.  The  jaspilyte  ie  oaniained  in  the  Bohiat  in  lentionlar  masses, 
and  in  thin  interleaTed  vanishing  sheets  that  have  their  sharp 
edges  upward  and  downward.  This  is  most  manifwt,  in  innomer- 
able  instsnoes  here  within  the  horizontal  space  of  thirty  feet 

2.  The  jaspilyte  is  contained  in  similar  masses  that  terminate 
east  and  west  in  the  Bchist. 

3.  In  the  space  of  32  feet,  north  and  sonth  on  the  face  of  this 
oat,  I  oonnt  36  jaspilyte  layers,  varying  in  thickness  from  ^  inch 
to  24  inches,  all  of  them  having  at  least  6  inches  extent  np  and 
down,  the  rest  of  the  rock  being  green  schist,  or  jaspilitic  red 
schist  (or  "shale"  similar  to  rock  1647).    Besides  these  there  are 

some  indefinite  graywacken  layers 
containing  roonded  pieces  of  jaspilyte 
as  pebbles. 

4.  On  the  east  side  of  the  out  is 
seen  the  manner  of  termination  of  one 
of  the  larger  lentioriles  of  jaspilyte, 
in  the  midst  of  the  schist,  the  exposed 
terminal  end  appearing  onbroken  near 
the  track,  thoagh  broken  off  at  the 
top  by  the  work  of  making  the  ont- 
ting. The  shape  of  this  western  term- 
ination is  represented  by  fignre  8, 
which  shows  a  section  across  the  len- 
jaspiirte  tioale  north  and  sonth. 
6.  Within  two  inches  of  this  large  mass,  sketched  above,  was  a 
amaUer,  apparently  ooncretionary  mass  of  jaspilyte,  aboat  18 
inches  in  its  greater  (perpendicalar)  diameter,  appearing  on  the 
face  of  the  oat  to  be  entirely  surronnded  by  the  green  schist  and 
separate  from  the  larger  lenticule.  Desiring  to  know  whether  it 
was  connected  with  the  foregoing  large  mass,  I  had  a  crow-bar 
bronght,  and,  on  making  some  excavation  about  it,  the  smaller 
egg-shaped  lentionle  was  dislodged  entire  and  felt  to  the  ground. 
It  left  a  continaoas  concave  sooket,  the  exact  imprint  of  itself  and 
was  coated  and  smoothed  over  its  whole  exterior  in  the  same 
manner  as  the    larger  one,  and  was    wholly  independent   and 
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separate  from  it.  It  is  nombered  1568.  It  is  Bharper,  in  cross 
Bection,  at  the  upper  end  than  at  (he  lower,  and  while  aboat  18 
inches  in  perpendicular  diameter  it  is  toor  and  one-half  inches 
thick  (d.  and  s.)  and  eight  inches  wide  {i.  e.,  east  and  west). 
SeTeral  small  parte,  broken  from  the  npper  end  before  it  was  dis- 
lodged, are  also  given  this  tinmber.  This  bhows  that  the  egg  ooD- 
sista  eBBentioll;  of  hard  chaloedonio  silica,  with  a  little  hematite. 

6.  Within  the  tnnnel,  toward  the  north  further,  the  green 
Bohiet  contains  graywaoken  bands.  In  these  are  small  pebbles  of 
ohaloedonio  silica,  bot,  in  1669,  can  be  seen  three  (^  in.  thick)  veins 
of  ohaloedonio  silica  crossing  the  straotare  of  the  green  rook  at 
obliqne  and  varying  angles.  This  was  token  from  the  roof  of  the 
tnnnel,  about  15  feet  from  the  eottthem  entrance. 

7.  In  No.  1568  the  principal  oolor^bonds  ran  across  the  face  of 
the  seotion,  and  are  not  wholly  oonoentrio.  There  is  a  series  of 
oocretionary  bands,  sarronnding  these  and  inclosing  them  witfa 
an  onter  rasty  coating,  which  gives  color  to  the  snppositioD  that 
the  egg  is  wholly  concretionary.  These  oatside  bands  fade  off  in- 
to the  green  schist  strcctarally  and  mineralogioally. 

8.  The  mass  itself  appears  to  have  been  a  fragment  dislodged 
from  its  native  place,  and,  while  perhaps  not  yet  firmly  rigid,  to 
have  been  imbedded  in  the  materials  that  now  constitute  the  sohiat, 
and  with  them  to  have  suffered  the  pressure  and  upheaval  that 
have  brooght  the  beds  into  their  present  vertical  position.  If  it 
had  become  rigid  before  it  was  placed  in  the  schist,  it  might  etill, 
pwhaps,  have  been  compelled  to  take  its  ovate  form  by  reason  of 
pressure  and  the  mechanical  movements  to  which  the  beds  have 
bees  subjected.  Judging,  however,  from  the  general  ovate  form 
of  all  the  jaspilitic  lentioulee,  even  the  largest,  it  seems  more  reas- 
onable to  ascribe  this  shape  to  some  forces  or  oircnmstances  that 
attended  its  origination  than  to  meohanioal  causes  that  operated 
afterward. 

Revisiting  the  old  pit  of  the  Stone  mine,  and  noting  the  so-called 
jaepilyte  dike,  illnstrated  in  the  15Ui  report  (see  p.  236),  we  ob> 
served  another  egg  or  jaspilyte  similar  to  that  just  described, 
though  this  is  partly  disintegrated  now  so  as  to  reveal  an  original 
breooiated  structure,  at  least  on  one  side.  The  harder  part  is  iper- 
pendioularly  banded  jaspilyte.  On  its  exterior  is  a  layer  of  red 
shale  about  one  and  one-half  inches  in  thickness.  This  egg  is  en- 
tirely isolated  within  the  schist  as  shown  by  the  following  sketch, 
fig.  9,  made  on  the  spot 
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A  very  interesting  and  instrao- 

S  tive  obfiervatios  was  made  at  the 

e  Stontz  mine,  or  No.  1.   In  some  of 

S  the  large  ongnlar   pieces   thrown 

« I  oat  upon  the  damp  is  seen  a  sin- 

Z  s  gnlar  sort  of    conglomerate    and 

2  -B  breccia.    It  is  illuatrated  by  the 

s  ^  following  sketch,  likewise  made  on 

11  the  spot,  ^.  10. 


■52  , 


In  Na  1,  by  far  the  predomina- 

I  M  ting  Ingredient  is    white,  ohalce- 

I  £  donic  silica.    The  same  is  true  of 

S  ^  Na  3.    No.  2  seems  to  have  been 

o      saddenly  introduced  in  the  midst 

i      of  a  silioa-forming  epoch,  and  as 

It      suddenly  to    have   ceased.     This 

intermption    cansed     the    coarse 

frfkgmeutal  transport  of  masses  from  some  previoosly  formed  green 

Bohist  and  From  tiie  previonely  formed  brown  jaspilyte.    The  green 

schist  pieces  are  somewhat  ronnded,  as  would  be  expected  from 

their  softer  nature,  bat  the  brown  jaspilyte  piectis  are  angalar. 


Explanation  of  figure  10. 

1.  Wfatte  cbalcedonlc  BiUca,  baoded  with  a  little  pure  hematite. 

2.  Conglomerate  and  breccia  of  green  schist  aod  brown  jasper.    The 
black  parte  show  the  ahape*  of  the  green  schist  pieces. 

3.  White  silica  and  hematite. 
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This  iodioates  some  mptaring  agent  that  acted  on  both  rooks.  In- 
deed, there  are  many  eridenees  that  a  fre^oently  reoorriog  foree, 
vhatever  it  was,  intermpted  the  quiet  aoottmolation  sometimee  ot 
the  jaepilyte  and  sometimes  of  the  schist,  and  tore  ap  sometimes 
only  the  last  laid-down  thin  layer,  and  sometimeB  larger  thiok- 
nesses  of  the  formed  beds,  and  removed  them  to  smaller  or  greater 
distances  from  their  natiTn  places.  This  force  aoted  in  a  common 
manner  on  both  the  acid  jospilyte  and  the  basic  schist. 

There  is  hence  mnch  reason  to  suppose  that  all  three  of  the 
known  agencies  for  rock-forming  were  intermittently  at  work  and 
concerned  in  the  formation  of  the  iron  ore,  riz. :  Eruption,  to 
aiford  the  basic  eraptive  taiaterial ;  sedimentatum,  to  arrange  it  (in 
the  main),  and  chemical  preoipitation  in  the  samti  water,  to  give 
the  pore  hematite  and  the  ohaloedonio  silica.  What  was  the  oanse 
of  the  chemical  change  in  the  waters  of  the  Keewatin  ocean  that 
brought  aboat  the  precipitation  of  silica  and  hematite,  is  matter 
for  farther  research.  An  ocean,  nniversal  as  the  Keewatin  forma> 
tion,  charged  with  silica  in  solation,  a  hot  alkaline  ocean,  on  the 
oatborst  of  Tolcanoea,  might,  perhaps,  be  so  far  heated,  and  evap- 
ol-ated,  as  to  be  compelled  to  deposit  silica  as  a  chemical  precipi- 
tate. On  the  other  hand  the  introdaction  of  cooler  onrrents  into 
the  heated  region  wonld  disturb  the  eqnilibrinm  of  saturated 
solatione,  and  hematite  (or  limonite)  might  be  the  resultant  pre- 
cipitate. There  is  reason  to  believe  the  earthy,  or  semi-crystalline, 
schists  of  the  age  of  the  Eeewatin  are  world-wide,  and  that,  there- 
fore, the  ocean  everywhere  had,  in  general  then,  as  now,  nearly  a 
constant  character,  only  as  modified  by  local  or  wide-spread  volcanic 
agents. 

By  the  railroad,  just  south  of  the  Tower  pits  (Nos.  8  and  9),  is  a 
light  greenish,  novaoolitio  rock  which  dips  N.  76  to  80  degrees 
( 1557 ),  It  passes  into  gray waoke.  It  is  ^so  highly  siliceoos  with 
both  chaloedonio  and  vitreons  quartz,  and  has  a  fine  white  ingredi- 
ent that  gives  it  a  feebly  talcose  feel,  the  last  being  the  same  ele- 
ment that  we  have  called  sericitic  The  soft,  light  green  (or  white) 
mineral  varies  in  amount  from  layer  to  layer,  so  that  some  of  the 
sheets  are  smooth  and  soft  throughout,  and  schistose,  others  being 
more  like  graywacke,  and  others  almost  a  qoartzyte  in  which  the 
vitreous  quartz  grains  can  easily  be  distinguished  from  the  ohal- 
cedonic,  by  their  dark  color,  that  is,  by  their  absorption  of  light 
which  falls  upon  their  fractured  surfaces. 

I  met  Mr.  W.  G.  La  Rne,  of  Barraboo,  Wis.,  and  he  gave  me 
further  evidence  that  there  are  really  two  quartzytes  concerned,  as 
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already  represented  by  me,*  in  the  geology  of  the  Gogebic  iron 
region.  One  is  that  which  is  the  foot-wall  of  the  Oolby  aud  Au- 
rora mines,  and  the  other  is  that  which  Mx.  La  Bae  deeoribes,  viz. : 
North  from  the  Cktlby  mine,  near  the  blnfTs  of  the  gabbro  range, 
which  there  are  plainly  visible  rising  as  a  series  of  hills  within  a 
mile  or  less  of  thn  village  (Bessemer),  he  was  employed  to  explore 
for  ore  by  shafting  for  some  parties  who  thought  there  was  ore 
near  the  gabbro.  He  said  that  nnder  the  gabbro  he  fonnd  a 
qoartzyte,  and  a  sandstone,  the  two  differing  only  in  indaration, 
one  being  more  easily  excavated  than  the  other,  both  0(»iBiEitiDg  of 
crystalline  qaartz.  He  shafted  under  the  qnartzyte  In  a  oouglom- 
erate  of  iron  ore,  which  seems  to  be  comparable  to  that  fonnd  in 
a  similar  situation  at  lahpeming,  Mich.,**  and  at  Oasoade  near 
Negsnnee,  and  after  a  time  he  fonnd  that  the  conglomerate  torued 
almost  at  a.  right  angle  toward  the  north.  He  did  not  seem  to 
know  what  was  nnder  the  conglomerate,  but  he  told  me  he  found 
the  qnartzyte  and  sandstone  together  236  feet  thick.  This  was  in 
the  sw^,  ne^  sec.  10,  47-46,  Michigan.  This  is  apparently  the  nn- 
oonformable  conglomerate  and  qnartzyte  that  I  noted  at  Bessemer, 
at  the  railroad,  in  a  small  exposure,  in  my  sixteenth  report. 


The  Age  of  the  Gabbro. 

In  attempting  to  correlate  these  observations  with  those  which  . 
have  been  made  and  recorded  in  previoae  years,  there  is  some  dif- 
ficulty in  fixing  the  stratigraphic  place  of  the  gabbro  eruption.  It 
was  inferred  by  the  Wisconsin  geologists  that  the  gabbro  sheet  was 
the  bottom  layer  of  the  great  Cnpriferooe  formation,  or  Keweena- 
wan,  and  this  was  accepted  and  has  been  followed  anqaestioningly 
by  the  writer  in  all  previous  reports  and  discussions  of  the  crystal- 
linerocksof  the  state.  The  age  of  the  great  Cnpriferoos  formation, 
with  its  traps  and  conglomerates,  in  part  at  least,  has  t>een  estab- 
lished, with  increasing  evidence  and  positiveneas  as  on  the  horizon 
of  the  typical  New  York  Potsdam — at  least  at  the  horizon  of  a 
qnartzyte  which  overlies  the  Animike  of  the  northwest 

Thus  the  gabbro  sheet  was  carried  to  the  same  age.  When  the 
gabbro  was  found  to  be  interbedded  with  a  qnartzyte  in  northeast- 
em  Minnesota,  and  to  lie  apon  and  overwhelm  it^  (the  Pewabio 
qnartzyte),  it  was  a  necessary  inference  that  thatquartzyte  was  the 
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egnivaleDt  of  the  Potedam — or  at  least  of  the  bottom  qaartzyte  of 
the  Capriferoos — and  hence  most  lie  over  the  AnimikB,  although 
»♦  "'•  "'ac6  coald  the  Animike  be  seen  interposed  between  it  and 
ases  of  the  Giant's  range.  Wheo  it  was  fonnd  that  this 
be  which  is  the  principal  iron  horizon  of  the  Mesabi  range, 
videnoe,  in  the  r^on  eastward  from  Fokegama  falls,  of 
below  the  body  of  the  Animike  strata,  necessarily  oarry- 
1  it  the  gabbro  sheet,  the  idea  that  the  gabbro  has  possibly 
t  into  a  wrong  position  is  broBght  oat  prominently  before 
ent  of  northwestern  strstigraphy.  and  he  is  disposed  to  call 
ion  thedatam  from  which  some  important  oondasioDS  have 
twn. 

;abbro  sheet  itself  is  a  wonderfnl  {ormation,  both  in  geo- 
eztent,  and  in  vertical  thickness.  It  is  also  wondertnl  in 
rsity  of  lithological  variatioDB  that  it  displays — i  e,  when  it 
les  the  characters  of  a  normal  doleryte,  or  when  it  is  inter- 
1  with  beds  of  sedimentary  origin,  or  when  it  is  modified 
ot  with  them.  Yet  its  persistence  under  erosive  and  at- 
io  agents,  and  its  great  volume,  caases  it  to  appear  promi< 
.nd  anddenly,  and  fregaently,  giving  it  the  repatation  of 
area  and  importance  than  it  deservea.  This  is  rendered 
irked  by  the  fact  that  its  line  of  oatorop  is  characterized  by 
-ift  deposits  which  have  covered  up  the  leas  persistent  for- 
and  hid  from  inspection  their  true  relations  both  to  the 
g  and  underlying  strata.  It  was  hence  a  very  natural  eon- 
hat  its  advent  was  the  opening  scene  of  that  saooeaeion  of 
and  sedimentation  which  ia  displayed  in  the  Cupriferous 
n  and  that  the  whole  should  be  grouped  together  under 
;1b  designation. 

tie  design  of  this  chapter  to  call  attention  to  some  facts  that 
that  the  gabbro  ties  below  the  Animike,  (Huroniau  black 
1  great  part,  and  that  the  later  trap  eruptions,  continuing 
the  Animike  and  the  Potsdam,  (i.  e.,  the  Hnronian  quartz- 
)bably  constitute  the  age  and  the  strata  of  the  Oapriferoos 
n — the  "Keweenawan"  of  the  WisconsiQ  geolt^sts  In 
rds  it  seems  as  if  the  Keweenawan  series,  in  its  full  scope, 
3  Dot  only  the  age  of  the  Huronian,  (Potsdam),  quartzyte, 
yt  the  black  slates  of  the  Hnronian  that  underlie  the  quartz- 

le  most  important  and  significant  fact  that  bears  on  the 
phio  position  of  the  gabbro,  respecting  its  relation  to  the 
'  black  slates,  is  its  occurreuoa  along  a  wide  extent,  reacb- 
1  Gnndint  lake  aouthwestward  as  far  as  to  the  railroad 
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crossing  At  Mallmana'e,  (at  least),  next  to  and  immediately  Boutk 
either  of  the  gneiss  of  the  Qiant's  range  or  of  the  "greenstones"  of 
the  Kavishiwin,  without  the  appearance  of  any  of  the  black  slates 
between  them.  There  is  an  appearance  of  quartzyte,  with  olivine 
grains  and  with  magnetite,  geographically  between  the  gneiss  and 
the  gabbro,  the  same  being  onqoeetionably  the  Fewabio  qnartzyte 
seen  near  Qonflint  lake.  This  qnartzyte  sometimea  is  impure  and 
limonitic,  and  seems  to  be  the  chief  iron  horizon  of  the  Mesabi 
range.  This  near  conjunction  (which  is  sometimes  apparently  an 
exact  contact)  of  the  gabbro  with  the  gneiss,  and  the  absence  of  the 
Animike  proper  between  them,  has  been  sappoaed  to  be  dne  to  a  local 
overlap  of  the  gabbro  beyond  the  strike  of  the  Animike,  covering  it 
from  sight,  the  idea  being  that  the  gabbro  flowed  back  northward 
over  older  formations,  and  came  on  to  the  gneiss. 

2.  Although  there  has  not  yet  been  any  oarefnl  microscopic  ex- 
amination into  the  differences  between  the  typical  gabbro  (for  in- 
stance that  aeen  at  Eice's  point,  near  Dolatfa)  and  the  eruptive 
rocks  that  overlie  the  Animike  black  slates  at  Qnnflint  lake  and 
eastward  to  Pigeon  point,  it  has  been  noted  that  there  are  macro< 
ecopic  distinctions  which  oaght  to  be  explained  in  case  of  a  sup- 
poaBd  parallelism  of  one  rock  with  the  other.  The  supposition  has 
been  that  they  are  stratigrsphically  and  chronologically  the  same, 
and  that  the  differences  were  only  local  and  unimportant.  It  was 
this  assumed  parallelism  and  the  evidently  later  age  of  the  eutem 
ontcrops  (the  "crowning  overflow"  of  the  Animike)  which  has  led 
to  the  placing  of  the  gabbro  later  than  the  Animike.  There  is  ab- 
Bolntely  no  other  evidence.  If  these  two  eruptive  rocks  are  not 
contemporary  there  is  not  only  no  reason  against  but  considerable 
evidence  in  favor  of  placing  the  typical  gabbro  (such  as  at  Bioe's 
point,  and  at  Little  Saganaga  lake)  below  the  body  of  the  black 
slates. 

3.  Boulders  of  characteriBtio  gabbro  and  of  red  syenite,  and  of 
quartz  porphyry,  occur  abundantly  in  the  later  "traps"  of  the  Cnpri< 
ferouB.  The  quartz- porph3rry  pebblee  are  so  abundant  as  to  consti- 
tute  the  well  known  thick  beds  of  coarse  conglomerate;  and  quartz- 
porphyry  layer^  or  lenticular  sheets  are  interbedded  between  the 
trap  sheets.  This  quartz-porphyry  in  some  cages  appears  to  have 
originated  in  its  present  condition  of  interleaved  sheets  during  the 
time  of  the  Gnprifaroas.  This  is  observable  at  the  mouth  of  Bap- 
tism river,  and  at  the  Qreat  Palisades.  At  these  points,  however, 
owing  to  the  proximity  of  bosses  of  gabbro  rising  above  the  rest 
of  the  country  about,  it  is  certain  that  those  portions  of  the  Cnpri- 
ferouB  which  contain  the  original  quartz-porphyry  beds,  are  near 
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the  bottom  of  the  formatioD.  This  ia  farther  shown  by  the  exiet- 
eoce,  in  the  same  region  (at  and  near  Beaver  Bay),  of  large  bonlder- 
maflsea  of  gabbro  in  the  trap  flows,  evidently  derived  from  the 
neighboring  gabbro  hills.  From  this  point,  northward  to  the  gneiss 
of  the  Oiant's  range,  nothing  is  risible,  in  the  form  of  rook  in  $itu, 
except  gabbto,  or  some  "maBoovado"-like  rook  deeoribed  at  some 
oatorops  somewhat  farther  west*  by  H.  V.  WinohelL  The  region 
is  not  folly  explored,  bnt  it  appears  from  all  that  is  known,  that 
there  is  nothing  to  be  toand  of  the  typical,  thin  black  slates  of  the 
Animike.  It  is  as  reasonable  to  infer  that  they  followed  after  the 
gabbro  flood,  as  that  they  preceded  it  In  case  they  followed 
aftw  it,  their  typical  oharaoters  were  destroyed  in  this  region  by 
the  freqaent  onthnrsts  of  igneons  eruption,  and  the;  blended  with 
the  tnfls  and  shales  and  basic  sheets  that  constitate,  on  the  north 
shore  of  lake  Saperior,  the  lower  portion  of  the  Capriferons  for- 
mation. In  case  they  preceded  they  mast  exist  buried  below  the 
gabbro,  as  hitherto  supposed. 

4  In  farther  ooneideration  of  the  possible  infra-position  of  the 
gabbro  mass,  below  the  Animike  proper,  attention  ahoald  be  given 
to  the  record  of  the  deep  well  at  Dnlath,  as  given  in  UoUetin  Na 
6,  of  the  survey.  The  interpretation  of  the  record,  given  on  page 
34,  shows,  below  the  gabbro,  (which  is  foand  to  be  220  feet  thick), 
qoartsyte  and  conglomerate  beds  interstratified  with  imperfectly 
charaoterized  gabbro,  the  whole  having  a  thioknees  of  67  feet 
Then  foUowed  trap  sheets,  and  fragmental  tnfls,  for  a  thickness  of 
89  feet  Then  follows  what  was  thoaght  to  be  the  Animike,  "evi- 
dently the  Thompson  slate  formation."  In  the  light  of  the  fore- 
going (Nos.  1, 2  and  3)  however,  and  on  reviewing  the  descriptions 
given  of  the  drillings  of  this  well  (pp.  31-34),  the  writer  oonaiders 
it  quite  donbtfnl  whether  "the  Thompson  slate  formation"  is  on  the 
horizon  of  the  Animike  of  the  northwestern  part  of  the  state.  The 
existence  of  a  minately  granular  condition  in  the  qoartz  (Noe.  39, 
46,  50),  recalling  the  "ohaloedooio  sUioa"  of  the  Keewatin,  and  of 
a  dietinct  slaty  cleavage  not  due  to  sedimentary  bedding  ( Noe.  38, 
36,  37,  53),  and  of  hydromioaceoas  or  serioitic  schist  (Nob.  28, 
30-39),  and  kaolinic  itaoolamyte  (No.  41)  noticed  and  recorded 
when  the  writer  was  impressed  with  the  expectation  of  finding 
Animike  characters,  most  be  admitted  to  point  to  the  Keewatin 
schists  aud  graywackes.  There  are  other  ooinoident  descriptions 
of  the  outcrops  about  Thompson,  to  be  found  in  the  tenth  annual 
report  (pp.  12-31)  which  throw  doabt  on  the  supposed  parallelism 

•Seven leentb  report,  p.B0-9I,  Samples  38T  (H). 
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of  the  Tbompetm  BUtes  Tith  tlte  Animikn  of  northveBtem  Minne- 
Bot&.Tiis: 

L  Folia  of  qoartz  and  slates,  or  BoIiiBtH  ioterbedded,  (p.  12,  No. 
464,  p.  16,  No.  466,  p.  17,  No.  472),  is  a  oharaoter  not  known  in  the 
Animike. 

2.  There  is  a  oonspioaoos  perpendionlar  slaty  oleavage  in  all 
parts  which  is  not  dependent  on  the  sedimentary  strTiotare,  a  char- 
acter not  seen  at  all,  or  rarely,  in  the  Animike  in  the  Dorthwestem 
part  of  the  state. 

3.  The  clay  slates  are  frequently  pyritiferons,  (p.  18,  Na  473.) 
4    Feldspathic  graywacke  (often  called  gray  qnartzyte  in  the 

original  deecriptions)  is  a  oonspicooiu  featore  in  the  strata  north 
from  N.  P.  JdQotion  (p.  28,  Ka  6(H). 

It  is  only  intended  here  to  make  record  of  these  reasons  for  hes 
itating  before  accepting  the  parallelism  of  the  whole  of  the  Thomp- 
son slates  with  the  Animike  of  the  northwestern  part  of  the  state, 
notwithstanding  the  fact  that  it  has  been  accepted  hitherto,  both 
by  the  Wisoonsin  sorvey,  the  U.  8.  geological  snrrey,  and  by  the 
Minnesota  survey. 

5.  On  the  a  apposition  that  the  Animike  black  slates  are 
involTcd  in  the  Keweenawan,  and,  while  oTerl3ring  the  gabbro,  lose 
tiieir  typical  characters  at  points  farther  southwest,  the  interbed- 
ding  of  the  Animike  with  beds  of  trap-rock,  which  is  a  common 
feature  abont  Gonflint  lake  and  on  the  shores  of  Loon  lake,  is 
easily  explained,  and  indeed  falls  into  place  as  one  of  the  to-be- 
expected  facts  of  such  a  period  of  recurring  eruptions.  It  also 
obviates  the  necessity  of  a  supposed  change  in  the  character  of 
the  eruptive  rook,  i.  e.  that  the  gabbro  of  Bice's  point  and  Little 
Saganaga  lake  becomes,  on  Pigeon  river,  the  dark  or  greenish  trap- 
rock  and  the  dioryte  which  inter-bed  and  characteristically  overlie 
the  Animike,  forming  the  well-known  "crowning  overflow"  of  that 
region. 


FUBTHEB    OBSKBVATIONa    ON    THE    TiPIOAL    HOBONIAN,    ASD    OH 

THE  Rooks  about  Sddbcbv,  Oktaeio. 

In  ihe  summer  of  1889,  on  the  occasion  of  the  Toronto  meeting 
of  the  Geological  Society  of  America,  the  opportunity  was 
improved,  both  in  going  and  in  coming,  to  extend  a  former  ac- 
quaintance made  with  the  rocks  of  the  region  north  and  east  of 
lake  Huron."     A  resume  of  these  observations  was  read  before 

*  Compare  the  alxteentb  aanual  report  of  the  Minnesota  survey. 
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the  Minnesota  Aoadomy  of  Natoral  Soienoes  at  the  October  meet' 
ing,  1889.  In  order  that  the  bearinf;  of  the  following  facta  and 
interpretatioDB  may  be  oudeiBtood  by  any  who  have  not  given  cloee 
attention  to  the  developmenta  of  Ardiean  geology  in  the  northwest 
daring  the  last  few  yeare,  a  brief  reanme  may  be  the  beet  intro- 
dactioo. 

It  is  well  known  that  in  the  term  Arohean  are  inoloded  two 
groups  of  roobe,  the  Hnronian  and  the  Laore&tian.*  These 
terms  are  of  long  standing,  and  have  been  need  in  the  geological 
literatare  of  nearly  all  parts  of  tht>  world,  wherever  geological  re- 
search has  been  carried  on  in  the  oldest  rooks.  They  were  pro. 
posed  by  the  Canadian  geologists  in  1865,  and  were  in  a  few  yeaiB 
adopted  by  the  geologists  of  the  United  Statee,  and  they  are  yet 
Found  in  nearly  all  of  the  text  books  of  geology  in  nee  in  this 
coTintry,  with  the  signification  that  the  Oemadian  geolf^ets  have 
given  them.  It  is  not  oeoeesary  to  say  here  what  inoonsistencies 
were  involved  in  this  coarse  of  accepted  nomenolatare,  nor  what 
injastice  was  rendered  to  American  geology  by  American  geolo- 
gists, nor  what  were  the  motives  that  apparently  aotoated  the 
leaders  of  American  geolc^ool  opinion  thirty  or  forty  years  ago. 
It  is  only  necessary  to  say  that  Huronian  was  in  conflict  with  Ta- 
conic,  and  that  Archean  was  in  conflict  with  Azoic  as  well  as  At- 
laniic,  names  that  had  been  proposed  earlier  by  United  States 
geologists. 

With  the  revival  of  work  on  the  older  rooks  in  the  northwest, 
aboat  ten  years  ago,  it  waa  fonnd  that  the  original  Haronian  of 
Logan  and  Murray  had  been  amplified,  by  the  reports  of  the  later 
assistants  on  the  Canadian  snrvey,  by  an  important  extension  of 
the  names  downward,  over  many  varieties  of  rooks  not  mentioned 
in  the  Hnronian  region  by  those  who  first  described  the  Haronian 
formation,  and  even  over  all  the  stratified,  or  schistose  forma- 
tions, down  to  the  massive  gneisses  and  syenites  which  are  called 
distinctly  Laurentian.  This  extension  had  also  been  accepted  by 
many,  if  not  by  all,  geologists  of  the  United  States.  This  was  true 
of  the  late  surveys  of  Michigan  and  Wisconsin,  and  of  the  earlier 
reports  of  the  Minnesota  sorvey,  and  was  maintained,  bat  haltingly 
toward  the  last,  by  Frof .  B.  D.  Irving  tip  to  the  time  of  his  death.  - 

In  order  to  get  a  correct  nnderatanding  of  the  character  of  the 
Haronian  rooks  of  the  original  Hnronian  area,  several  recent  re- 
examinations have  been  made  of  the  area  described  and  mapped 

-  C.  H.  Hltchcoch  has  called  attention  to  the  fact  that  G.  W.  Feathnntonhsugh 
nroposed  the  term  AOantic  tor  t^eae  rocks  many  ynmrn  hnrnrn  Prof.  Dana    Lntrodiired 
ihpterm.drch«wl.  and  before  Toeter  and  Whltnt 
Amciicnn  GbAkHX,  yol.  V.  p.  19*.   Also  compare  O 
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by  the  Canftdian  geological  sarvey.  The  firet  vas  that  oE  Prof  B. 
D.  Irving,  who  came  to  the  ooDolosioD  that  the  so-called  Animike 
formation  ot  Minnesota  and  Thander  bay  (in  Canada)  is  the  eqaiv- 
oleot  of  the  original  Horonian.  Bat,  nnfortanately  for  the  oaOBa 
of  oorreot  nomenolatoie,  Prof.  living,  who  had  embraced  the  ex- 
paoded  Hnronian  in  his  Wisconsin  work,  so  continned  his  trip  be- 
yood  the  limits  of  the  original  Hnronian,  that  he  fonnd,  eastward 
from  Algoma,  a  series  of  rocks  which  he  thought  also  belonged  io 
the  same  series  with  those  at  Thessaloii,  and  so  verified  (?)  his 
olassificatiDn  published  in  the  Wisconsin  report.  Hence,  while 
correctly  assigning  the  real  Hnronian  to  its  western  eqaivaleot 
(the  Animike  slates  and  qnartzytes),  he  failed  to  see  that  outside 
of  the  mapped  Hnronian  of  Logan  and  Mnrray  the  name  had  no 
right  to  be  extended  over  a  different  formation,  for  eastward  from 
tiie  mapped  area  another  formation  at  onoe  begins  and  hence, 
also,  he  continned  to  maintain  that  the  Animike  coold  be  extended 
downward  so  as  to  cover  all  the  lower  schists  and  graywackes  and 
iron  ores  of  the  Northwest 

Prior  to  this  an  nnoonformity  and  a  profoand  change  in  lithology 
had  been  discovered  between  the  Animike  formation  and  the 
schists  below  it,  in  the  vicinity  of  Oiinflint  lake;  and,  at  a  later 
date,  those  schists  had  been  examined  in  the  region  of  the  Lake 
of  the  Woods,  and  while  placed  doabtingly  in  the  Hnronian  by 
Q.  M.  Dawson,  and  by  Bell,  had  by  Mr.  A.  C.  Lawson  been  given 
a  new  name,  (Keewatin)  who  exempted  them,  questioningly,  from 
the  Hnronian  system,  showing  that  they  pass  anconformably  below 
the  Animike  which  had  been  said  by  Prof.  Irving  to  be  the  real 
equivalent  of  the  Hnronian  on  the  north  side  of  lake  Superior. 

In  the  sixteenth  report  of  the  Minnesota  survey  will  be  found 
two  other  recent  descriptioiu  of  the  original  Hnronian  rooks,  from 
an  examination  made  in  the  summer  of  1887.  Here  the  Hnronian 
formation  is  distinctly  limited  to  the  strata  described  at  first  and 
named  Hnronian  by  Logan  and  Mnrrsy,  and  the  name  given  by 
Dr.  Lawson  for  the  onderlying  schists  (Keewatin)  is  adopted  on- 
qnalifiedly,  and  extended  over  those  schiBts  in  Minnesota.  The 
same  classification  had  been  adopted  also  in  the  fifteenth  report  of 
this  snrvey,  but  withoat  the  authentication  that  comes  from  a  fresh 
examination  of  the  old  data.* 

As  the  current  idea  of  the  Haronian,  as  at  length  extended  by 
the  Canadian  geologists,  began  to  be  qaestioned,  several  re-affirma- 

The  writer  baa  reviewed  the  hlHtor;  of  thi 
Caoftdlan  geolMlsts.  In  the  AaERICAH  "^ 


„Gooi^le 


60  EIGHTEENTH   ANNUAL  BEPORT 

Hone  of  its  oorrectoeBe  have  been  published  by  Drs.  Selwyn  and 
Bell.  It  vas  in  the  light  of  these  discordances  that  some  recent 
re-examinatious  have  been  made,  and  the  following  notes  were 
recorded  when  on  a  joint  excursion  with  several  geologists  from 
the  Toronto  meetings  of  the  American  Association  for  the  Ad- 
vancement of  Science,  and  of  tha  Geol<^cal  Society  of  America. 

North  Bay. — The  rocks  about  North  Bay,*  on  the  northeasterly 
shore  of  lake  Nipissing,  placed  in  the  Lanrentian  by  the  Canadian 
geologists,  consist  of  dark-oolored,  micaoeo-homblendic  gneiss,  or 
gneissio  schist.  They  are  distinctly  bedded  by  sedimentation,  the 
oharaoteristio  belts  of  which  ran  parallel  for  long  distanoes.  They 
are  generally  fine-grained  and  often  red-weathering,  recalling  by 
thiS)  as  well  by  their  stmctnre  and  mineral  composition,  some 
gDeisaes  seen  and  described  by  the  writer  in  1886,**  on  the 
£awishiwi  river.  These  are  massive,  fine-grained,  red,  very  silice- 
ous beds,  as  if  from  a  gnartzyte,  bet  the  most  of  the  rock  is 
closely  laminated  varying  from  very  micaceous  to  very  orthoclaa- 
tic  The  strata  stand  about  vertical,  but  generally  show  some  in- 
clination southward — but  sometimes  northerly.  The  strike  is 
about  NW.  and  SE.  Some  of  the  gray  gneiss  (1573)which  weathers 
reddish  (1574)  becomes  contorted  in  some  plaoes  and  infolds,  on- 
oonformably,  masses  of  a  dark  rock  very  different  from  the  gneiss 
(1576).  These  masses  are  wrapped  round  oontinnonaly  with  un- 
broken, but  cnrved  laminations  of  gneiss,  the  laminsB,  at  some 
distance  from  the  enclosed  masses,  becoming  straight  again,  and 
running  in  their  usual  course.  These  oontrasted  foreign  enolos- 
ores  have  a  different  aspect,  and  a  different  composition  from  the 
micaceous  belts  of  the  gneiBs.  They  are  both  mioaoeons  and 
homblendic,  but  mainly  homblendic;  non-laminated  and  generally 
containing  multitudes  of  fine  orystale  of  oinnamon-gomet  In 
some  places  these  masses  are  very  large,  and  cannot  be  seen  to  be 
enclosed,  but  cat  off  the  gneiss  and  replace  it  in  large  areas.  The 
geol(^y  in  general  here  reoalU  that  of  Northeast  cape  in  Bassi- 
menan  lake  (fifteenth  report,  p.  366),  as  well  as  that  mentioned 
on  the  Kawishiwi  river.  The  rock  has  been  plastic  in  situ  and 
molded  about  masses  of  foreign  intruded  rock,  apparently  a  baaio 
ernption,  but  has  not  been  molten  and  extruded.  In  general  the 
horizon  to  which  it  would  be  assigned  in  the  Minnesota  scale, 
would  be  near  the  bottom  of  the  crystalline  schists  (the  Vermilion 
series),  or  very  near  the  Lanrentian  gneiss.     It  is  very  probable 


**Soc  the  flttcentb  report,  Mlnnesi 
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indeed  that  rocks  like  these  have  beoD  included  id  the  IjaareDtian 
in  Bome  of  the  deecriptioDa  and  map-coloriag  in  our  reports. 
Sinoe  it  graduatee,  in  Minnesota,  oonformably  on  the  one  side  into 
typical  gneiaa  containing  very  mnoh  less  mica,  which  would  be 
placed  unhesitatingly  in  the  Laurentian,  and,  also,  on  the  other 
hand,  fades  oat  by  the  loss  of  the  black  mica,  and  by  the  acquire- 
ment of  a  enb-orystalline  and  finally  a  f  ragmental  texture,  into  the 
typical  rook  of  theKeewatin,  itis  evidently  only  an  arbitrary  line  of 
separation  that  can  be  drawn  distingaisbiug  it  de&nitely  from  one 
or  the  other.  The  principal  difference  between  it  and  the  Keewa- 
tin  ooneiBts  in  its  more  nearly  perfect  crystalline  straotore.  The 
principal  difference  between  it  and  the  greater  portion  of  the 
Laurentian  gneiss  in  Minnesota  consists  in  its  greater  percentage 
of  black  mica.     The  prevalence  of  the  black  intrasive  masses  oo- 


Flg.  U 
Inoluded  bornblendlc  mawi  ul  North  Bay.  cbuhIiik  conhirtlons  In  the  snelB*. 

Bock  Samples  obtained  at  Iforth  Bay  are  numbered  as  follows:  1573. 
Gray  gneisa,  the  general  rock  at  North  Bay,  after  the  weathered  surface 
is  removed.  1574,  Reddish  weathered  gneiss,  a  surface  condition.  1575, 
Hornbiendo-mlcaceous  and  garnetlferous  dark  rock  embraced  In  the 
gneiss  (see  flgure  11)  as  foreign  masses,  and  as  large  areas,  the  lamina- 
tions of  the  gneiss  being  wrapped  about  them  entirely  and  roughly  con- 
forming to  their  erteriors.  ^  -  i 
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CDTiiog  transTerse  to  the  Btrike  of  the  gneiss,  and  in  a  manner  in- 
Tolred  with  the  gneiss,  Bhowiog  a  mntuEdly  plaatio  condition  of 
the  two,  ie  a  characteristic  of  the  Yermilion  series  abont  where 
the  transition  to  the  Lanrentian  oooars  with  an  eruptive  uncon- 
formUy,  the  foreign  intraBive  rock  being  the  dark,  homblendio 
masses  and  not  the  gneiss.  The  manner  of  oocarrence  of  one  of 
the  smaller  homblendic  and  gametiferons  dark  masses  was 
sketched  on  the  spot  and  the  same  is  raprwented  on  page  51  (Fig 
11).    This  was  near  the  pnblio  school  house  at  North  Bay. 

Wahnapitae,  A  sample  of  that  which  is  here  called  Haronian 
by  Dr.  Selwyn  is  numbered  1676.  At  this  point  the  formation 
changes  from  the  Lanrentian  to  the  next  higher,  or  supposed 
younger,  formation.  The  train  stopped  but  for  a  moment,  but  with 
difficulty  a  small  sample  of  the  country  rock  was  procured.  On 
examination  it  was  found  to  be  of  a  hydro-micaceous  schist,  silky- 
sericitio,  evidently  a  part  of  the  Keewatin.  Subsequently  Dr.  A. 
C.  Lawson  re-examined  this  point,  in  order  to  get  a  better  idea  of 
the  relatione  of  the  formations,  and  according  to  verbal  deeoription 
from  him,  there  appears  to  l>e  an  nnoonformity  of  stratigraphy  at 
Wahnapitae.  similar  to  that  at  Fenokea  gap,  Wisconsin;  at  the  im- 
mediate contact  the  lower  rock  is  the  fine,  micaceous  gneiss,  or 
mica  schist,  probably  belonging  to  the  series  seen  at  North  Bay, 
and  the  upper  rock  is  quartzyte  and  gray  argillyte  interbedded. 

Ai  ike  Siobie  copper  and  nickel  mines,  about  three  and  a  half 
miles  north  from  Sudbury,  there  is  a  large  exposure  of  greenstone, 
coarsely  fibro-cryatalline  with  hornblende  (1679),  seen  south  of 
the  mines  rising  in  high  ridges  and  domes,  resembling  the  ridges 
of  the  Kawishiwin  greenstone  of  Minnesota  (see  the  17th  annual 
report),  though  much  more  coarsely  crystalline.  This  lies  below 
the  rock  that  contains  the  copper  and  nickel  ores,  and  was  fruit- 
lessly penetrated  by  a  costly  shaft  in  pursuit  of  the  ore-beariog 
rock  several  hundred  feet.  The  present  mining  is  done  in  a  quartz- 
yte (  ?)  or  at  least  a  qnartzoBe,  apparently  fragmental  rock,  which 
iB  superficially  buried  under  a  thick  deposit  of  rusted  debris,  or 
goBsan-cap,  the  result  of  its  own  decay.  The  ore  permeates  this 
gray  granular  rock  in  the  form  of  sulphides  which  in  this  super- 
ficial layer  is  converted  to  oxides  and  carbonates.  The  mines  are 
still  not  deep,  althongh  some  tunneling  has  been  done  in  the  hill- 
side. Outwardly  the  resemblance  of  the  lithology  oE  the  lower  rook 
(1579)  to  some  of  those  described  in  northeast  Minnesota  belong- 
ing to  the  eruptive  portions  of  the  Keewatin  is  so  great,  that  it  ia 
reasonable  to  suggest  that  it  represents  the  lower  formation.  But 
the  quarried  rock  cannot  be  aligned  with  any  certainty  to  the 
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aame  horizou.  Its  reBemblance  to  boiha  of  the  lower  fdldspsthio, 
gray  qaartzytes  seeD  in  the  Animike  (Haronian),  and  its  manner 
of  ocGorreiice  in  a  low  blaff  apparently  dipping  at  a  low  angle  away 
from  the  lower  greenstone,  as  well  as  the  similar  occurrence  of 
abundant  sulphidee  of  iron  (and  nickel  ?)  in  the  lowest  parts  of 
the  Animike  west  of  Gonflint  lake,  caosed  me  to  regard  the  ore- 
bearing  rock,  on  lithologioal  eridenoe,  as  belonging  to  the  tme 
Hnronian,  and  hence  as  nnoonformable  on  the  other.  Samples  of 
the  ore  are  1678,  and  of  the  ore-bearing  rock  1577. 

Ai  the  Copper  Cliff  mine,  three  and  a  half  miles  s.  sw.  from  Snd- 
bury,  according  to  Dr.  Selwyn  a  dioritic  dike  (1681  and  1684)  rnns 
through  the  ooantry,  and  the  ore  is  associated  with  that.  The  next 
rook,  on  the  north,'  is  a  red  felsyte  (1583),  and  the  relations  between 
it  and  the  mined  rook  were  not  made  out  by  anything  I  saw  in  the 
short  time  we  were  on  the  spot.  The  red  felsyte  becomes  proto- 
genic,  or  granitic,  and  also  has  fine  black  mica-scales  developed  in 
it  in  other  places.  The  ore  of  this  mine  is  represented  by  ^No.  1682. 
Eastward  from  the  mine  is  a  small  knob  of  red  felsyte,  and  next, 
about  \  mile  from  the  mine,  is  a  knob  of  coarse  conglomerate  in 
which  there  are  large  Iranlders  of  red-weathering  felsyte  like  that 
at  the  mine,  also  of  laminated  fragments  of  a  grayish  rock  like  a 
fine-grained  graywacke  or  coarse  argillyte,  and  probably  others. 
The  matrix  is  gray  and  finely  silioeons,  of  which  No.  1585  shows 
an  average. 

At  li^  miles  from  Sudbnry,  toward  Onahping,  tht)  train  stopped 
for  the  examination  of  a  pecoliar  rock  (1686),  recalling,  bat  not 
identical  with,  the  hornblende-porphyry  of  Eekekabic  lake  (No. 
761),  but  having  much  ooarser  crystals,  and  a  more  evidently  oon- 
glomeritic  original  structure.  At  ^  mile  further  nw.  this  conglom- 
erate is  more  crystalline,  the  matrix  being  reddish-weathering  fel- 
Bjrte  (1688),  and  the  included  masses  being  of  a  dork  basic  rock 
probably  originally  eruptive.  In  places  this  felsyte  becomes  gran- 
itic, and  the  large  dark  fragments  appear  as  boulders  and  included 
masses  more  or  less  modified  in  shape,  embraced  as  in  a  once  plastic 
or  molten  rook.  The  aspect  in  such  cases  is  much  like  some  Laar- 
entian,  and  if  it  were  to  be  fonnd  to  extend  over  a  large  area  with 
these  characters,  it  wonid  probably  be  assigned  to  the  Laurention 
by  any  geologist  This  illnstrates  one  of  the  difficult  problems 
involved  in  the  ose  of  the  term  Laurentian.  This  rock  is  in  the 
midst  of  what  passes  for  Huronian,  and  is  derived  from  a  trag- 
mental  rook  which  is  like  many  seen  in  the  "Huronian"  of  the 
region.  It  assumes  first  a  porphyritic  aspect,  then  it  is  felsitic, 
weathering  reddish  with  a  pronounced  orthocloetic  ingredient,  then, 
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with  a  coarser  grain,  it  appears  like  an  eraptive  granite  embracing 
masaee  o£  foreign  basic  rook.  This  is  similar  to  some  observations 
tbat  have  been  made  in  Minneeotn  in  the  Eeewatio,  and  particu- 
larly on  the  upper  waters  of  the  Kawishiwi  river.  Similar  trans- 
itiouB  have  been  observed  in  Michigan.  * 

At  the  Murray  mine  the  ore  (1689)  is  iaa  oonglomerate,  disinte- 
grating and  limonitio. 

At  Vermilion  lake  (t.  e.,  at  the  crossing  of  the  Yermilion  river), 
is  a  repetition  of  the  falls,  ridges  and  rapids  seen  at  Thompson, 
Minnesota,  the  whole  being  manifestly  of  the  same  Bf;e,  and  sup- 
posed to  belong  to  the  Animike  or  true  Hnronian.  The  dip  of 
these  slates  is  45°  towards  the  B.  Dr.  Bell  stated  that  the  train, 
before  arriving  at  Yermilion  river,  had  passed  over  these  slates  for 
about  five  miles,  viz;  through  a  very  flat  and  good  agricultural 
tract,  iodicating  a  profound  change  in  the  underlying  rook,  inas- 
much as,  up  to  the  place  of  entering  on  these  slates,  the  oonntry 
had  been  very  rough,  with  frequent  exposures  of  the  rock.  The 
slate  is  black,  (or  purplish  black  when  dry),  generally  fine  grained, 
yet  with  some  evident  grains  of  quartz,  (No.  i590).  Initaresome 
curious  calcareous  bunches,  or  "concretions,"  which  recall  the  soft 
masses  in  which  Dr.  T.  tjterry  Hunt  reported  evidences  of  a  "kera- 
tose  sponge,"  found  near  Thompson,  Minnesota.  Some  of  these 
masses  are  two  feet  in  diameter,  with  rounded  outlines,  presenting 
on  the  weathered  or  glaciated  natural  surface  a  striking  contrast 
with  the  rock  which  encloses  them.  They  are  locally  designated 
'-snow-shoe  tracks."  This  brownish,  calcareous  material  is  repre- 
sented by  Na  1591. 

From  the  Yermilion  river,  traveling  still  northwest,  we  passed 
on  to  a  lower  series  of  strata,  the  dip  being  to  the  south-son  theast 
This  is  a  "slate  conglomerate,"  (1692),  and  causes  an  immense 
ridge,  150  feet  in  hight,  more  or  less.  Into  this  rook  Dr.  Bell 
states  that  the  slatos  at  Yermilion  river  graduate  conformably,  and 
indeed  so  they  seemed  to  do;  and  in  this  respect  the  sucoMsion 
seems  to  be  like  that  seen  in  the  region  of  the  original  Huronian 
northward  from  the  Thessalon  valley,  ae  described  in  the  sixteentli 
report  of  the  Minnesota  survey.  This  "black  slate,"  therefore,  and 
the  underlying  "slate  conglomerate"  should  be  considered  as  por- 
tions of  the  Huronian  as  described  by  Murray  and  Logan. 

Immediately  after  passing  this  rid^e  of  "slate  conglomerate," 
the  average  surface  level  subsides  again,  and  the  country  is  more 
even.  But  the  rock  that  succeeds  to  the  slate  conglomerate  to- 
ward the  northwest,  is  mainly  a  reddish  f  elsyte,  similar  to  that  seen 

*  Compare  tbe  ISth  and  Ifltb  Annunl  reporU,  MInDesota  survey. 
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in  the  vicinity  of  Sadbury,  and  neoessarily  underlying  the  forego- 
ing elate  and  "slate  ooaglomerate."  It  is  also  broken  up  into 
irregnlar  small  knolU,  and  presents  a  oonf  osion  of  dip  and  strike 
that  contrasts  strongly  with  the  regularity  of  dip  and  strike  main- 
tained by  the  overlying  formation.  This  formation  seems  to  have 
supplied  many  of  the  felsitio  and  granitic  boulders  seen  embraced 
in  the  state  oonglomerste.  There  was  no  opportunity  to  make 
search  for  the  immediate  contact  of  the  "slate  conglomerate"  on 
this  rock,  bat  if  the  observations  that  have  been  made  recently  in 
the  area  of  the  original  Huronian,  and  on  the  Animike  in  Min- 
nesota, be  taken  as  guide,  there  would  be  found,  on  making  snch  a 
search,  a  distinct  overlap  nnconformity  at  such  contact  line. 

From  this  point  (Onahping)  the  excursion  car  turned  back,  and 
although  it  was  planned  to  make  a  stop  at  Wahnepitae  bridge  to 
allow  those  interested  to  inspect  the  contact  there  between  the 
Laurentian  and  the  "overlying"  formation,  a  heavy  and  continu- 
ous rain  interfered,  and  the  car  returned  directly  from  Sadbury 
the  same  evening  to  Toronto. 

After  this  exoarsion  I  had  the  pleasure  and  the  benefit  of  a 
further  examination  of  the  original  Huronian  region  in  company 
with  Dr.  A.  K  C.  Selwyn  and  t>r.  A.  C.  Lawaon.  We  walked  from 
Algoma  to  Serpent  river  along  the  Canadian  Pacific  railway.DotiDg 
the  rock  cuts,  and  the  following  is  the  general  result  of  my  own 
notes, 

Quartzyte  extends  from  Algoma  to  about  one  mile  east,  when  a 
greenish  slate  (1593)  appears  with  a  dip  s.  10°  w,  45° — 66".  This 
is  fine  grained  and  sometim()8  oat  by  dioritic  dikes  of  epidotic  roek, 
like  that  at  Bruoe.  Next  appears  at  1^  miles  from  Algoma,a  datk- 
gray  roofing-slate  (1594),  the  cleaving  and  bedding  dipping  south- 
erly at  an  angle  of  about  76°.  Below  this  is  an  immense  stratum 
of  "slate  conglomerate"(1595),  (3d  of  Logan's  map  of  1863),  which 
is  charged  with  boulders  of  various  kinds  of  rook,  the  most  con- 
spicuous bait^  of  red  granite.  We  then  met  with  a  soft  fissile 
argillyte  ( 1596)  which  hardly  has  aay  remaining  sedimentary  band- 
ing, and  in  it  are  elongated  lenticular  sheets  of  silica,  apparently 
chalcedonic  (1597).  This  resembles  some  seen  in  the  Keewatin 
but  there  could  be  seen  no  contact,  as  the  exposure  is  in  the  form 
of  an  isolated  ridge  which  passes  below  the  drift  on  all  sides,  so 
far  as  ascertained.  It  aeems  to  be  not  a  part  of  the  ai^illyte  before 
mentioned.  This  stands,  in  some  places,  nearly  vertical.  Then 
comes  on  a  great  quartzyte  member  (1598),  but  this  is  quite  dif- 
ferent from  that  seen  at  Algoma,  and  in  the  Thessalon  valley.  It 
is  uniformly  very  fine-grained,  and  is  apparently   Logan's  "gray 
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qnartzite,"  the  lowest  inoladed  by  liim  in  the  HaroDian.  It  ia  at 
BDy  rate  the  same  as  the  Missasaugui  quartzyle,  so-called  iu  the 
16th  Minnesota  report,  which  was  there  supposed  to  be  Logan's 
lowest  qnartzyte.  It  is  gray  within  and  weathers  red.  The  rail- 
road swings  back  and  forth  across  the  ranges  of  this  rock,  follow- 
ing the  easiest  route,  and  affords  some  good  opportunity  to  exam- 
ine it.  It  exhibits  important  differences  from  the  upper  Thessalou 
gaartzyte.  It  is  interbedded  with  abrapt  traDsitions  from  hard,ap- 
parently  chaloedonic  (?)  silica,  or  qnartzyte,to  fine  chloritic  schists, 
the  beds  of  the  qnartzyte  being  from  a  foot  to  two  feet  in  thickness, 
and  those  of  schist  from  two  to  eight  inches.  This  extends  for  at 
least  four  miles,  with  some  interruptions,  the  road  passing  in  g&a- 
eral  at  an  obliqne  angle  across  the  strike  of  the  formation.  The 
beds  are  for  long  distances  straight  and  parallel.  At  a  distance 
the  face  of  the  rock  recalls  the  regular  and  straight  furrows  of  a 
plowed  field.the  schist  weathering  and  washing  ont  easier  than  the 
qnartzyte.  Such  a  view  is  seen  on  the  south  side  of  the  track 
about  foar  miles  from  Algoma. 

At  a  point  still  further  east  the  conglomerate  recurs  by  the 
track.  Here  it  holds  qnartzyte  pieces  like  the  quartzyte  just  men- 
tioned, and  also  others  of  red  granite,  and  namerons  pebbles  of 
bluish  vitreous  quartz.  It  also  embraces  pieces  of  nearly  black 
argillyte  (1699)  which  is  soft  and  has  a  nearly  white  streak. 

After  an  interval  of  nearly  a  mile  and  a  half  of  no  rock  exposure, 
we  encountered  a  low  boss  of  fine-grained  black  mioa-achiet(1600); 
with  siliceous  veins  running  with  the  strike.  Then  we  found  some 
argillitic  beds  in  which  were  some  crumpled  white  sheets  of  ap- 
parently chalcedonic  silica  (1601). 

After  an  outcrop  of  coarse  qnartzyte  (1602)  resembling  some- 
what the  Thessalon  qnartzytes,  but  lees  granular,  whose  strstigra- 
phic  position  we  could  not  make  out,  on  account  of  the  interrupted 
nature  of  the  exposures  and  the  variation  in  the  direction  of  the 
track,  we  noticed  two  dikes  of  more  recent  diabase  (1603)  cutting 
the  slate  conglomerate  and  running  nearly  coincident  with  the 
strike,  and  having  a  columnar  structure  abont  horizontal.  Under 
the  conglomerate  here,  i.  e.  just  before  reaching  Cook's  Mills,  at 
the  month  of  Serpent  river,  conspicuous  outcrops  appear  of  a  fine 
mica  schist  (1604),  which  is  probably  the  recurrence  in  force  of  the 
mica-sohist  before  mentioned  ( 1600).  It  is  not  bedded  bat  massive, 
and  becomes  hornblendic,  recalling  some  parts  of  the  Termilion 
series  of  Minnesota.  This  continues  to  Cook's  Mills  and  forms  the 
outcropping  rock  at  the  station  and  about  the  village.  No  positive 
observation  was  made  on  the  etratigraphic  relation  of  this  horn- 
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blendio  mioa-sobist  to  ths  slate  oonglomerate,  bat  its  place  is  as- 
samed  to  be  below  the  ooDglomeTate  becaose  oF  the  koown  relation 
of  the  Huronian  (t.  e.  the  described  Hnrooian  of  Murray  and  Lo- 
gan) to  such  rocks  in  other  places. 


SUMMARY  OF  THESE  OBSERVATIONS. 

It  appears,  therefore,  that  both  northwest  from  Badbury  and 
eastward  from  Algoma  there  are  two  formatioDB.  The  slate  and 
the  slate  conglomerate  io  both  eeotions  oonstitate  the  npper  forma- 
tion.  In  the  region  northwest  from  Sudbury  the  nnderlying  rocks 
are  largely  telsitic,  bat  are  also  micaoeoos,  and  at  the  Stobie  minea 
become  homblendic  These  changes  are  identical  with  changes 
ttiat  are  known  to  occur  in  the  KeewatiQ  in  MinneBota.  In  the 
section  eastward  from  Algoma  the  nnderlying  formation  seems  to 
be  the  Missaeaugai  qaartzyte  with  interbedding  of  green  fissile 
schist,  in  part,  and  a  mica  schist  varying  to  homblendic  schist,  in 
part,  the  latter  being  farther  east. 

There  seems  to  be  some  irregularity  in  the  order  of  succeesion 
in  the  section  eastward  from  Algoma,  bringing  in  several  outcrops 
of  strata  that  belong  higher  np  in  the  series.  If  this  be  not 
illusory,  and  due  rather  to  the  winding  of  the  railroad  from  north 
to  south  to  avoid  the  hills,  it  may  be  accounted  for  by  such  faalt- 
ing  and  upheaval  as  have  been  described  in  Minnesota,  such  as 
have  produced  the  sndden,  but  indistinct,  unconformities  and  tran- 
sitions from  the  Hnronian  to  the  Keewatin,  that  have  been  des- 
cribed there.  Further,  the  qnartzyte  which  has  been  alluded  to 
as  the  Missasaugui  quartzyte,  and  supposed  to  be  Logan's  lowest 
gray  quartzyte,  is  probably  not  his  lowest  gray  quartzyte,  but  it  is 
rather  a  constituent  part  of  the  Keewatin.  It  is  allied  in  all  its 
lithology  no  less  than  its  persistent  verticality  to  the  Keewatin  and 
seems  to  have  been  formed  in  the  Keewatin  ocean  in  the  same 
manner  as  the  jaspilyte  beds  of  that  horizon,  t.  e.,  by  chemical 
precipitation,  the  green  schist  layers  showing  such  advent  of  basic 
eraptions  or  volcanic  ash  as  could  form  ohloritic  schists  in  the 
same  way  as  in  northeastern  Minnesota.  The  "lower  gray 
quartzite,"  (No.  5  a),  of  the  original  Hnronian,  according  to 
Logan's  map  of  1863,  appears  a  few  miles  east  of  Theesalon  at  the 
lake  shore,  and  there  produces  an  anconformable  contact  on  the 
gneiss  of  the  Laorentian.  This  contact  has  Ijeen  examined  by 
Prof.  Irving  and  more  lately  by  Dr.  A.  0  Lawson,  and  they  con- 
car  in  Qie  statement  (hat  the  conglomerate  is  a  pudding-stone  of 
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ronnded  maBses,  having  s  gnartzjte  matrix.  There  can  be  bnt 
little  doubt  that  it  is  the  anme  as  that  seen  in  the  vicinity  of 
Tbesealon,  and  hence  that  it  is  the  Thessalon  quoitzyte  and  over- 
lies the  elates  and  slate  conglomerateB,  being  near  the  top  ratiier 
than  near  the  bottom  of  the  original  Huronian.  This  mistake  is 
apparently  the  same  as  made  in  eastern  Mew  York  and  in  Yer- 
mont,  where  the  granolar  qaartz  (?)  and  the  Potsdam  (or  red  »md- 
rock)  seems  to  overlap  and  hide  from  sight  the  formation  immedi- 
ately older,  and  lies  in  unconformity  oi^  a  still  older  terrane — on 
the  east  on  the  gneiss  of  the  Green  mountains,  and  on  the  weet 
on  the  gneiss  of  the  Adirondacka.  It  caused  the  early  geologists 
to  question  the  existence  of  any  such  formation  as  the  Taconio — 
that  great  series  in  which  has  been  brought  to  light  latterly  a 
wonderful  faana  of  primordial  life,  and  which  extends  from  the 
Atlantic  slopes  to  the  western  basis  of  the  Bocky  mountains. 
This  overlap  unconformity  implies  a  sinking  of  the  pre-existing 
land,  and  of  the  ocean's  bed,  bringing  the  later  formed  strata  over 
the  beach-limit  that  existed  before. 

We  may  conclude  therefore  that  the  obserratioDB  that  were  made 
on  the  recent  excursions  confirm,  at  least  do  not  contravene,  the 
views  lately  set  furth  by  Irving,  Bonney  and  Lawson,  and  the  oon- 
clnsions  published  by  the  reports  of  the  Minnesota  survey,  to  the 
effect  that  the  Huronian  system,  as  now  defined  and  understood  by 
the  Canadian  geological  reports,  really  embraces  two  or  three  forma- 
tions; that  one  of  these  is  the  true  Huronian,  ai  at  first  described 
and  mapped  by  Murray,  another  is  the  Keewatin  of  Dr.  A.  C.  Law- 
son,  containing  the  iron  ores  at  Tower,  Minnesota,  and  another  is 
the  series  of  crystalline  schists  which  we  have  styled  Vermilion 
series.  In  other  places  these  three  formations  have  been  fully 
treated.*  They  are  distinctly  separated  by  lithology  and  uncon- 
formities that  have  been  noted  from  Vermont  to  Minnesota,  and 
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land  small)  rouniloil.whltlsh-green  foliispai ,._. 

llku  porphyrlllc  cr; HtalH.  but  Ihey  bare  not  tbe  anguliir  perlpliery  ot  crystBls,  Tliey 
itre  In  a  matrix  tit  urdlanry  dlabaso  of  dark  green  oolnr,  und  the  spots  make  the  rook 
noticeable,  their  largest  sizes  being  some  what  In  rser  than  un  Inch  In  diameter.  Some 
ti(  these  boulders  are  put  In  the  tuundailon  wall  of  tbegreathot«l  vhlch  the  Canadian 
I'aclflu  rallrond  projected  at  Algoma,  and  that  la  where  ne  saw  theni  flrst.  Hr.  Bel- 
wyn  recalled  thedlke  cutting  the  Anlnilkeon  the  hlph  ridge  back  of  Bllver  lslet,as  the 
DDly  spot'known  where  such  rock  Is  In  place.  This  dike  was  vlstt«d  In  I87S  by  the 
wrller  and  his  aamples  are  numbered  flOl  (Tenth  annual  report,  p.  CA),  but  tbe  crystale 
in  the  dike  are  distinctly  angular  and  not  noticeably  Kreenlsh.  These  boulders  are 
-■uirgeBtlve  of  the  existence  ol  such  source  In  the  country  toward  the  north  from 
Alguma. 

i-pebble  conglomerate. 


iiloal  precipitation,    wiiiie  the  boulderstherasel'vos 

e  to  tne  Tiiossalon  qua '"  ■-'-'—■    -■  -   ■■         ■        -■         ^•- 

imposeso  large  a  portion  (1608)  an 

cat  quartzyte  (the  Ulssasaugul  quartiyte)  seen,  a 
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I  re'erable  to  the  Thessalon  nuariiyte,  blab  up  In  the   Murunlan,  the   pebbles  that 
lo  large  a  portion  (lewiare  referable  tc  "■— ' ■•' J-->— 


jyGoot^lc 


STATE  OEOLOOIST. 


Bhoold  no  longer  be  inoladed  under  a  single  term — at  least  not 
noder  the  term  Haronian,  which  at  first  had  a  correct  and  adequate 
definition  embracing  bat  one  of  thera. 


Additional  Rock  Samples  Numbeeed. 

ll'»llL>c(«d  by  N.  a.  WlDcbell.  Intended  to  UlanttiLte  hlB  field  uotos  In  18BS  and  ISSD.I 

1501.  Vein  rook  and  pjriteB,  from  the  qnartz  vein  eopposed  to 
be  auriferood,  at  Eagle  Nest  lake,  east  of  Vermilion  lake;  aooord- 
ing  to  Bobert  Angat  thie  also  contains  metallic  copper.  [See  de- 
scription of  this  vein  in  the  16th  annnal  report,  p.  32.] 

1602.  Chemical  silica,  Tower,  embraced  in  considerable  masses 
in  immediate  proximity  to  the  chalcedonic,  in  the  green  schist. 

1503.  Chemical  (granalar?)  silica,  in  a  vein  abont  half  an  inch 
wide  running  transverBe  to  the  green  schist.  Tower. 

1504.  ChalcedoDtc  silica,  immediately  adjacent  to  1503;  reddish, 
in  thin  laminatioDe. 

1505.  Some  of  the  sohiet  seen  interatratified  in  argitlitio  slat« 
at  the  low  "slate"  knoll  sonth  of  the  "eooth  ridge"  and  west  of 
Tower. 

1506.  Fonr  samples  showing  the  relationB  of  the  chemical  silica 
to  the  hematite,  at  the  Lee  mine,  near  Tower. 

1507.  Breociated  jaspilyte,  cemented  by  a  finer  breooia  of  the 
sama    From  a  boulder,  bat  fairly  illustrating  the  beds  in  situ. 

1508.  Black  schist  with  pyrite  balls,  at  the  pits  at  the  N.W. 
base  of  Chester  peak. 

1509.  On  the  top  of  Chester  peak  some  small  veins  oonsiet  of 
chalcedonic  silica,  crossing  the  jaspilyte  banding. 

1510.  At  Ely;  a  sample  of  the  green  schist  showing  the  forms 
of  two  boulders,  and  the  darker  green  rock  separating  them. 

1611.  Amygdaloidal  portions  of  some  of  the  bonldere,  showing 
the  tabee  perpendicular  to  the  surface;  from  the  green  agglomer- 
ate at  E]y,  at  the  railroad  out. 

1512.     Chalcedonic  silica  from  veins  and  spots  in  the  rock  1510. 

1613.  Vein  matter  in  1510,  similar  to  1601.  Probably  ami- 
ferone. 

151^.  Sample  of  the  gneiss  at  the  Hinsdale  quarry,  t.  e.,  in  the 
Giant's  range. 

1515.  Frazer's  quarry.  North  Eedwood  P.  0.,  near  Redwood 
Falls,  on  the  Minnesota  river.  Massive,  gray,  uniform  gneisei 
without  bands  of  color. 
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1516.  Same  place.     Gray  gneiss,  with  alteniatiiig  and  inter- 
ehading  micaceous  and  feldspathio  belts. 

1517.  Same  place;  eamplee  Bhowing  mach  red  ortlioolase. 

1518.  Gneiss,  with  much  red  orthoclase.     Morton  quarries,  near 
Redwood  Falls. 

1519.  Gneiss,  sbowiog  inclusion  o(  a  mioaceone,  "black  rock." 
Morton  quarries. 

1520.  From  a  granite  moTtod  on  eea  12,  T.  Ill — 38.    Bedwood 
county.     A  bedded  granitic  rook,  showing  no  red  orthoclase. 

1521.  The  gray  quartzyte  at  Fokegama  falls  on  the  Missiseippi 
river  near  Grand  Rapids.    Compare  257  (H)— 259  (H). 

1522.  The  gneiss  at  the  upper  falls  of  Prairie  river. 

1523.  Showing  mioaceons  schist  in  alteroatioDS  with  the  gneiss 
at  the  upper  falls  of  Prairie  river. 

1624     Coarsely  crystalline  orthoolastic  belts,  from  the  gneiss  at 
the  upper  falls  of  Prairie  river. 

1525.  Reddish  and  ohloritic  mass  wedged  in  the  gneiss  at  the 
upper  falls  of  Prairie  river. 

1525  (a).     Spottedneee  shown  on   the  quartzyte  at  Prairie  river. 

1526.  Shows  another  spottedness.    Here  the  rusty  spots  weather 
out  and  produce  a  pitted  snrfaoe  on  the  quartzyte;  same  place. 

1527.  Hematite  and   impure  hematite,  eiliceous  and  jaspery. 
Prairie  river  falls. 

1528.  Rock  shown  at  about  the  horizon  of  this  hematite. 

1529.  Somewhat  above  1526.    Finely  laminated  or  "streamed," 
also  brecciated,  jaspilyte,  with  some  vitreous  silica. 

1530.  Jaspilyte  and  hematite,  closely  intermixed,  bnt  not  inter- 
laminated.     The  red  jaspilyte  appears  as  a  felsyte. 

1531.  Hematite  at  this  horizon;  about  one-fourth  is  hematite. 

1532.  Some  of  the  qoartzite  that  underlies  this  ore  is  conglom- 
eritic  in  patches. 

1533.  Red  shale.    Griffin's  camp,  N.  E.  i  Sec.  22,  56-24. 
1634.     Iron-bearing  rook.     The  ore  impure  and  in  broken  and 

irregular  sheets;  hematite. 

1535.  Same  as  1534.    Fit  No.  2,  bnt  stmok  at  15  feet  below  the 
surface. 

1536.  Same  as  1584.    Fit  No.  3.    Struck  at  one  foot  below  the 
surface. 

1537.  Slaty  hematite,  rather  low  grade  (47  p.  c.  iron)  N.  W.  ^ 
N.W.  i  Sec.  21,  56-14. 

1638.     Magnetic  iron  ore,  Sec.  23,  60-23.     Fleck's  location ;  from 
John  Beckfelt. 
1539.    Rock  associated  with  1538. 
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1540.  Dalath;  on  the  Weller  road,  about  1^  miles  from  lake 
Saperior,  but  about  2  miles  from  the  buBiness  part  of  Dalnth. 
Gray,  porphyritic  gabbro,  with  a  fine  magma. 

1541.  Shows  ooctaot  of  the  "red  rock"  on  the  gray  rook  1540. 

1542.  Bed  rook,  crystalline,  with  some  light-green  spots,  from 
the  Weller  road,  same  place  as  1640. 

1543.  Granular  silica,  appearing  somewhat  as  if  originally  ohal- 
cedoDio  (see  519).    Same  place. 

1544.  Vein  matter  in  gabbro,  at  Bioe's  point. 

1545.  Serpentinons  vein  matter  in  gabbro  at  Hioe's  point. 
164^.     Qaartz  crystals  lining  vngs  in  dense  hematite.     Lee  mine, 

near  Tower. 

1547.     Beddiah,  earthy-looking  jaspilyte.     Lee  mine. 

1648.  Breccia  of  fine  pieces  of  hematite,  red  jasper  and  qaartz. 
somewhat  stratiform.     Lee  mine, 

1549.  Tarnished  hematite,  appearing  as  if  it  might  be  some 
copper  salphide;  Lee  mine.     Coatings;  Lee  mine. 

1550.  Finely  banded  (sedimentary?),  whitish  jaspilyte;  Lee 
mine. 

1551.  Hard  hematite,  with  incladed  crystals  of  chaloopyrite. 
1662.     Piece  of  chaloedonic  quartz  mass,  embraced  in  a  bonlder 

of  Stonlz  island  oonglomerate  (agglomerate),  near  the  Lee  mine. 

1553.  Piece  of  gray  qnartzose  pebble  or  gray  "felsyte,"  con- 
tained in  the  same  bonlder  as  1552. 

1654     Pebble  from  the  same  boulder  containing  vitreons  quai  tz. 

1665.     Matrix  of  this  bonlder  containing  the  above  pebbles. 

1656.  No.  1563  becomes  porphyritic  in  1556. 

1657.  Light  colored  graywacke,  or  novaonlyte,  greenish  white, 
with  distinct  grains  of  glassy  quartz:  at  the  railroad  jnst  south  of 
Tower  pit  (Nos.  8  and  9).     Dips  N.  about  75°— 80°. 

1658.  Green  schist,  south  of  the  Stone  mine,  at  the  railroad  cut. 

1659.  Interbedded  jaspilyte  in  1658. 

1660.  Fine  grains  of  disintegrated  white  jaspilyte;  dump  of  the 
Stone  mine. 

1561.  Breccia  of  jaspilyte  and  of  hematite  cemented  by  chemical 
silica;  damp  of  the  Stone  mine. 

1562.  In  the  dnmp  of  the  Stone  mine  some  of  the  qaartz  crys- 
tals are  superficially  roughened  and  corroded — some  of  the  fine  crys- 
tals.   What  oansed  it? 

1563.  Green  shale  breccia;  from  the  damp  at  the  scram  soath- 
west  of  the  Breitnng  mine. 

1664.  Botryoidal  limonite  on  qaartz  crystals  and  on  hematite; 
same  place. 
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1665.  Flinty,  gray  to  dark  gray  jaspilyte,  from  the  dump  of  the 
hoiBting-skaft  of  the  same  place.     Compare  866  B.  and  127/. 

1566.  Hotted,  angular  masBea  of  jaspilyte  as  intersected  by  the 
water-bearing  coarse  of  a  joint  crossing  a  mass  of  contorted  jas- 
pilyte, at  the  Breitang  mine. 

1667.  Pebbly  conglomerate,  embracing  small  grains  of  vitreoas 
qaartz;  a  patch  or  belt  in  otherwise  typical  jaspilyte.  In  the  ridge 
that  remains  separating  the  Breitang  from  the  Tower  mine. 

1568.  A  jaspilyte  egg,  somewhat  concretionary,  at  least  indis- 
tinctly concentric  in  some  color  bands.  From  the  cat  made 
for  the  high  tunnel  ranning  soath  from  the  Tower  pit  (No.  9), 
where  it  crossea  the  light  'lore  streak." 

1569.  Coarse  graywacke,  rather  soft,  taken  from  the  roof  of  the 
same  tannel,  crossed  by  some  thin  veins  of  ohaloedonio  silica,  abont 
15  feet  from  the  soathem  entrance. 

1570.  From  the  damp,  Breitang  mina  What  is  the  fine  red 
mineral  in  crystals? 

1571.  Siliceous  "green  Bcbist"  iaterbedded  in  jaspilyte  north  of 
the  Tower  mine. 

1672.  From  the  jasper  at  the  east  end  of  the  Stnntz  mine.  What 
ie  the  white  cementing  vein-mineral?  It  appears  to  be  granolar 
silica,  bnt  also  shows  apparently  cleavage  sorfaoes. 

1573.  Oray  gneiss,  the  rock  at  North  Bay,  on  lake  Ni  pissing, 
Ontario,  in  general,  after  the  weathered  sarfaoe  is  removed. 

1574  Beddish-weathered  gneiss,  a  sarfaoe  condition  of  the 
rock  at  North  Bay,  Canada. 

1575.  Miooceo-homblendic,  gametiferoos  rock  embraced  in 
No.  1573,  as  foreign  massM,  some  of  them  fifteen  feet  across. 

1676.  Hydro-micaoeoas  schist,  silky-serioitio,  from  the  "Haro- 
nian"  at  Wahnapitae,  Ontario. 

1577.  The  rock  that  contains  the  nickel  ore  at  the  Stobie  mines, 
near  Sadbory,  Oatario,  a  gray  qnartzyte  resembling  the  Fewabic 
qaartzyte  of  Minnesota.    Compare  1322  and  1340. 

1578.  The  ore  from  the  Stobie  mines,  Ontoria 

1679.  The  "homblendio  rook"  from  the  damp  of  the  deep  shaft 
which  was  abandoned  at  the  Stobie  mine,  Ontario. 

1580.    Orthoclose  f oand  in  veins  in  1579. 

1681.  The  dioryte  dike  which  is  supposed  to  oat  the  coantry 
rock  at  the  Copper  Cliff  mine,  Ontario.  With  this  the  ore  is  in 
some  way  associated. 

1582.  Ore  of  the  Copper  Cliff  mine. 

1583.  Bed  felsyte,  adjoining  1681  on  the  north. 
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1584.  The  conditions  of  the  mined  rook  and  the  snlphides  at 
Copper  Cliff  mine,  Ontaria 

1585.  Matrix  of  a  coarse  conglomerate  with  bonlders  of  red- 
weathering  fetsyte,  one-quarter  of  a  mile  east  of  the  Copper  Cliff 
mine,  north  of  the  railroad. 

1686.  Porphyritio  rook,  the  disaeminated  orystala  being  of 
hornblende  and  coarse.  At  the  railroad  cut,  a  mile  and  a  half 
from  Sudbury,  toward  Ohnaping. 

1587.  Dike-rock,  out  by  the  grade,  near  the  same  place. 

1588.  Somewhat  granitic  felsyte,  enclosing  masses  of  dark  basic 
rock  in  a  manner  like  those  at  North  Bay;  reddish  weathering;  a 
quarter  of  a  mile  further  toward  Ohnaping. 

1689.    Ore  of  the  Murray  mine,  Ontario. 

1590.  Black  slate,  Vermilion  river,  at  the  railroad  oroesiog. 

1591.  Calcareous  "  concretions  "  in  the  blaok  slate  at  Vermilion 
river.    Same  place. 

1692.  Slate  conglomerate,  N,^y.  from  Vermilion  river ;  from  a 
ridge  that  rises  perhaps  15U  feet  above  the  railroad. 

1593.  A  mile  and  a  quarter  east  of  Algoma,  on  the  north  shore 
of  lake  Huron.     Green  slate,  dipping  S.  10°,  W.  45°-65°. 

1694.  A  mile  and  a  half  east  of  Algoma.  Hoofing  slate,  gray 
to  black. 

1695.  Slate  conglomerate,  3d  of  Logan's  map.     Underlying  1594 

1696.  Soft  argillyte,  with  lenticular  spots  and  laminations  of 
chalcedonio  silica,  next  east  of  the  slate  conglomerate  of  1595. 

1697.  Happosed  chalcedonio  eilioa,  from  1696. 

1596.    Fine  grained  qaartzyte,  about  4  miles  east  of  Algoma. 

1699.  From  the  great  "alste  conglomerate"  east  of  Algoma,  at  a 
point  east  of  the  last 

1600.  Fine-grained,  nearly  black,  mica  schist;  at  a  mile  and  a 
half  east  of  the  last 

160L  Crumpled,  white,  apparently  ohaloedonio  silica,  from  some 
ai^litio  beds  east  of  1600. 

1602.  Ooarser  qnartzyte,  still  farther  east 

1603.  Dike-rouk,  catting  conglomerate. 

1604.  Hornblendic  eobist,  Cooks  Mill,  at  mouth  of  Serpent 
river. 

1605.  Diabasio  booldere,  with  ooarse  feldspar  orystals.  Found 
at  Algoma  (compare  601). 

1606.  Qoartz-pebble  conglomerate  boulders-     Algoma  Mills. 
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INTRODUCTION. 


As  pTelimiDary  to  a,  oarefal  ioquiry  into  th»  DBtnTd,  arrangemeat 
and  geological  lustory  of  the  older  rocks  of  Korth  America,  I  de- 
sire to  collate  the  views  which  have  been  recorded  by  competent 
geologiete  daring  the  last  half  century.  Snoh  a  BynopsiB  of  opin- 
ionB  which  have  marked  the  progress  of  oar  science  and  have 
brought  it  throagb  many  labors,  conjeotures,  errors  and  saocesses, 
to  the  very  creditable  position  which  Amerioan  geological  science 
holds  at  the  present  day,  will  greatly  facilitate  the  work  which  re- 
mains to  be  done,  by  placing  within  conTenient  reach,  the  chief 
data  of  snoh  pn^ess,  with  copious  references  to  the  dooomentB 
from  which  the  information  is  drawn.  Snoh  a  oompendinm  of  his- 
toric data  mil  prove  especially  asefnl  to  geologists  who  have  not 
the  leisure  to  look  np  and  digest  the  original  documents.  Since 
however,  oompilations  of  opinion,  though  offering  opportunities 
tor  condensation,  and  even  improved  lucidity  of  statement,  must 
necessarily  lie  under  the  saspioion  that  the  author's  view  has  been 
presented  with  incompleteness  or  with  unintended  coloring,  the 
writer  has  deemed  it  best  to  present  opinions  generally  in  the  ex- 
act language  of  their  authors. 

The  present  attempt  bears  some  resemblance  to  that  of  Messrs. 
Whitney  and  Wadsworth  in  "Azoic  system"*;  bat  it  will  readily 
be  seen  to  have  a  different  aim,  and  to  produce  results  for  from 
identical.  Their  controlling  purpose  was,  to  prove,  from  citations, 
that  daring  the  time  which  has  elapsed  since  the  "Azoic  System" 
was  proposed  by  Foster  and  Whitney,  no  facts  have  been  reported 
rendering  it  necessary  to  conclude  t&at  the  "Azoic  System"  as  con- 
ceived by  them,  is  not  both  azoic  and  indivisible.  My  purpose 
involves  an  examination  of  such  a  position,  bat  it  involves  much 
more.  I  propose  to  adduce  the  facts  without  the  influence  of  an 
unalterable  predetermination.  I  propose  to  select  them  impartial- 
ly— rather  in  the  interest  of  the  writers  than  in  the  interest  of  any 
theory.  I  propose  togive  them  an  anbiosed  interpretetiou  or  to  leave 
them  without  oommeat,  to  be  interpreted  by  the  reader.  Beyond 
all  this,  it  ia  proposed  to  cite  many  opinions  not  bearing  on  ques- 
tions of  taxonomy  and  nomenclature — opinions  on  all  subjects 
whose  agitation  has  token  part  in  the  progress  whose  fruite  we  en- 
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joy — problauB  of  Btmotore,  BaperpoBitioD,  metamorphiBm  and 
gec^nofltio  eTolation  in  generKl. 

The  method  of  Whitney  and  WadBworth  ia  geographiaal;  mine 
may  be  denominated  perBonal;  neither  traces  oonaecatiTely  the 
erolation  of  an  idea  or  oonoepL  Concrete  methoda  have  peculiar 
usee;  and  it  is  hoped  the  method  here  pnrsned  may  be  oaetnl  as 
complementary  to  theirs,  even  if  its  sabject  matter  poBsesses  fewer 
advantages  than  I  antioipate. 

In  Bome  of  these  respects  the  method  of  the  foUowing  sketch  re- 
sembles that  of  Dr.  Hont  in  his  Historical  Introdaction  to  the 
Azoic  Bocks*.  It  differs,  howcTer,  in  the  important  feature  of 
giving  the  views  of  investigatorB  in  their  own  language.  One 
does  not  feel  certain,  in  reading  the  memoir  of  Dr.  Hnnt,  that  he 
gets  exactly  the  meaning  of  the  original  statement.  In  some  oaaes, 
it  is  certain,  the  meaning  ia  inadvertently  colored,  or  even  revers- 
ed. Dr.  Hunt's  treatment  also,  seems  to  the  writer,  deficient  in 
method.  It  lacks  oonseontiveness;  it  abounds  in  repetitions;  tiie 
connection  of  parts  is  more  verbal  than  logical.  The  order  would 
aeem  rather  to  be  that  of  association  of  ideas  in  the  anther's  mind 
than  one  determined  by  the  logical  or  historical  relation  of  topics. 
For  snch  reasons,  it  is  difficult  to  follow  and  comprehend.  How- 
ever thia  may  ap[>ear  to  others,  it  seems  certain  that  comprehen- 
sion and  clearness  of  conception  mast  be  facilitated  by  following 
the  growth  of  conviction  in  each  investigator'B  mind  separately — 
introdncing  the  biographical  element  into  the  history  of  geological 
ideas. 

In  the  history  of  this  advance,  it  has  been  the  fortune  of  some  to 
observe  nature  in  the  field,  of  others,  in  the  laboratory,  of  still 
others,  to  collate  records  in  the  library — and  I  need  hardly  remind 
the  reader  that  the  efforts  of  many  others  have  been  expended  in 
provinces  not  entered  in  the  present  disoQssion.  Those  who  have 
worked  in  the  field  have  supplied  the  greatest  volume  of  records 
suitable  for  use  in  the  oompilatiou  which  follows. 

In  attaining  the  status  which  has  been  achieved,  there  must  have 
been  many  false  steps  taken — erroneous  observations,  false  inter- . 
pretations,  hasty  generalizations,  untenable  suggestions,  ill  ground- 
ed theories,  all  mingled  from  time  to  time,  with  the  influence  of 
the  "personal  equation."  Still,  it  is  sate  to  assume  that  every  in- 
vestigator has  been  actuated  by  a  controlling  love  of  truth,  and  has 
done  perhaps,  as  well  as  any  other  investigator  would  have  done  in 
precisely  the  same  circumstances.    If  any  have  lost  patience  with 

*HeportB,  Second  Oeologlcitl  of  Survey  Pennsylvania. 
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a  fellov-trorber,  it  is  profiUesa  to  reprodace  the  sarcasm  in  which 
impatienoe  has  foimd  relief.  The  langaage  of  soorn  or  contempt 
has  contributed  nothing  to  the  noble  progress  whieh  we  oon- 
template. 

As  intimated,  the  present  sammary  of  opinion  sastains  a  special 
relation  to  the  contemplated  aeqnel  of  the  piesent  memoir.  What* 
ever  its  separate  Talae  may  be,  its  ose  to  Che  writer  consists  in  the 
light  which  it  sheds  on  an  investigation  to  a  large  extent  original. 
Ciroamstanceshave  tamed  the  writer's  attention,  doriog  a  few  years 
past, toward  the  stndy  of  the  older  rocks.  Thoogh  from  boyhood  fami- 
liar with  the  forms  and  aspects  of  the  crystalline  and  enb-crystalline 
masses  of  Datohess,  Litchfield  and  Berkshire  conntiee;  though  of- 
ficially connected  with  pablio  surreys  over  the  crystalline  expanses 
of  Miohigan;  though  long  since  a  student  of  similar  rocks  in  Mia- 
sonri,  Massachusetts  and  Maryland,  it  is  true  that  the  present  re- 
search has  been  in  a  field  comparatively  new,  and  conducted  by 
methods  in  part  unknown  to  the  older  investigBtors,  and  bat  im- 
perfectly mastered  by  most  of  us.  It  has  seemed  to  the  writer  that 
one  of  the  fields  in  which  he  haa  studied  presents  the  problem  of 
the  older  rocks  under  simplifications  which  promise  advantages 
not  enjoyed  by  the  older  students  of  terrenes  of  high  relative  an- 
tiquity. Perhaps  he  deoeivea  himself  in  thinking  these  advant- 
E^es  have  brought  him — a  comparative  novice — into  possession  of 
glimpses  of  truth  which  have  been  hidden  from  abler,  but  less 
fortunate  students.  He  hopes  however,  the  result  will  justify  his 
confidence. 

EBENSZEB  EHllOKS. 

1824,  Kbenezer  Emmons,  in  1824  a  pupil  of  Dr.  C.  Dewey,  was 
associated  with  the  latter  in  the  preparation  of  a  geological  d&- 
soriptioo  and  map  of  Berkshire  county,  Massachusetts,  and  of  a 
small  part  of  the  adjoining  states.*  In  this  descriptioQ  the  rooks 
are  arranged  in  the  following  order  (the  whole  being  here  inverted) : 

3.     Transition  limestone,  &.o. 

%     Quartz,  Primitive  limestone.  Primitive  argillito  (Upper  Pri- 
mary). 

1.    Oranite,  Gneiss,  Talcose  slate.  Mica  elate  (Primary). 

The  second  division  indicates  the  elimination  of  the  "Taoonic 
idea"  eighteen  years  before  it  received  a  formal  designation.** 

^Amtrtrianjottmaiof  ScUnceatidAii*,  Vol.  8.  1824,  pp.  1. 31D.  Ad  abridgement  of  this 
was  iDFlnded  In  "A  History  ot  Berkshire  County."  In  IHS- 

—IfOS.  In  a.  "  Sketch  ',of  the  aamraloav  and  QecAom  of  the  rMntty  of  mtHoMU  CoHtvs" 
(Anur.Jbur.  Sd.,  Vol.  1,  p.  327, 11.  24S.1820.}Dr.  Devey  hod  already  published  the  g«nii- 
lual  conception  ol  the  abore  BrrangemeDt,  and  ol  the  Taoonlosyitem.  The  rocks  and 
minerals  were  arranged  In  the  lollowlng  order:    1.    Granite.    3.    Onelas  and  Mloa 
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1837.  At  the  end  of  the  first  season's  obserratioiis  within  the 
Second  Geological  District  of  New  York,  professor  Emmons  de- 
scribed the  rocks,  in  the  nomenolatnre  of  the  day,  as  Primitive, 
TransitioD  and  Tertiary.*  Uoder  the  first,  he  describes  first, 
Granite,  which  is  "not  strictly  speaking,  granite;  that  is,  it  is  not 
oomposed  of  qaartz,  feldspar  and  mica;  neither  is  it  a  trae  sienite, 
for  even  the  hornblende  disappears  almost  entirely  for  miles.  It 
is  mostly  fsldspar.  ...  It  contains  the  beaatifal  Labrador 
feldspar  .  .  .  often  in  large  masses.  .  .  .  The  color  of 
the  rook  is  nsnally  grey,  greenish  or  bloish.  ...  It  rarely 
oontainB  quartz.  ...  In  Essex  ooanty  it  forms  mountain 
masses.  .  .  The  other  primitiTe  rocks  of  the  northern  oonn- 
ties  are  gneiss,  hornblende  and  grannlar  limestone.  The  talooee 
and  mica  slates  rarely  ooonr."  The  following  is  the  enocession 
reported,  arranged  here  in  descending  order: 

Tebtiabt,  consisting  of  grey  sand  and  marly  elay,  with  shells 

of  recent  aspect 
Tbaxbition  BO0S8.    1.    Oalciferoas  sandrock,  inolading  Fots< 

dam  sandstone.     2.     Transition  or  bine  limestone. 
Fbihitite,     Granite,  Gneiss,  &o. 

1838.  Professor  Emmons  again  ranges  the  rocks  of  St.  Law> 
rence  county  as  PrimitiTe,  Transition  and  Tertiaryt-  The  Primi- 
tive region  he  also  designates  "the  gneiss  district,"  bat  he  states 
that  "the  rook  is  not  purely  gneiss,"  but  only  "the  predominant 
rock,"  the  region  embracing  also  "granite,  limestone,  sienite,  horn- 
blende, steatite,  serpentine,  &,c."  The  granite,  he  says,  "occors  in 
beds  and  veins  subordinate  to  the  gneiss;  ...  in  hoge  angu- 
lar beds  or  protruded  masses;  in  the  form  of  veins  branching 
irregularly  into  the  adjacent  rock,  and  in  overlying  masses  analo- 
gous to  overflowing  lava  cnrrente  or  greenstone."  He  speaks  of 
it  as  sometimes  "interlaminated  with  gneiss  or  other  rook,"  but 
considers  onch  position  "accidental"  (p.  196).  The  granite  and 
gneiss  contain  in  places,  more  or  less  carbonate  of  lime,  or  of  lime 
and  magnesia.  The  "primitive  limestones"  he  speaks  of  as  inter- 
stratified,  but  is  particular  to  discriminate  them  from  the  marbles 
of  Vermont  and  Massachusetts,  "especially  thoee  of  Berkshire 
county."]:    He  gives  eleven  diagrams  to  illostrate  the  position  that 

alftte.  3.  Quarti.  1.  Orsnular  limestone.  S.  ArgUlooeoiu  alate.  It  will  be  noted 
that  tbeni  Is  oae  limestone  formation.  These  views  wera  adopted  bjr  Prof.  Amos 
Eaton  In  his  "Index  to  tbeOeoloKj  of  the  United  Blatea."  1S30,  though  later,  he  became 
•n  Indefatigable  original  observer.    lAmer.  Soar.  Sd.,  ilv.  UT,  I8S8.) 

'FtrtlAimua  Bepoit,  New  York,  1837,  Auambly,  Ho.  IS,  pp.  KW-llT. 

+S«RnKl^nnitalReix>r(.  Hew  York,  1839,  Assemblj- No.  300,  pp.  1M-21T. 

tTbIs  ts  further  Insisted  on,  p.  23Z. 
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we  have  the  some  eTidenoe  of  the  igneooB  origin  of  the  primitive 
limestone  aa  of  the  igneona  origin  of  granite — that  is,  it  ocean  in- 
terbedded,  penetrating  and  ramifying  in  relation  to  the  granite.* 

The  sandstone  at  Potsdam  is  said  to  rest  directly  on  the  primi- 
tive rock,  bat  it  is  no  longer  identified  with  the  "Caloiferoas  sand 
rook"  of  Eaton,  (p.  214).  On  page  217,  it  is  called  for  the  first 
time,  "the  Potsdam  sandstone"  (pp.  217,  230.) 

Treating  of  Eaaex  oonnty  he  speaks  of  the  granite  as  "  oompoeed 
eesentiaUy  of  Labrador  feldspar  and  hypersthene,"  and  decides 
to  B^le  it  "Hyperathene  rock"  (p.  220).  It  oontaisB  extensive 
beds  of  iron  ore,  sometimeB  branching  and  vein-like.  The  pri- 
mary limestone  "miiformly  oocors  in  veins"  in  the  hypersthene 
rook.  The  gneiss  of  the  oonntry  is  limited  in  extent,  is  interlami- 
nated  with  saccharoidal  limeetone,  and  contains  beds  of  magnetite 
and  hematite  (p.  221  ).t 

We  have  no  docamentary  evidence  of  the  pn^cress  of  the  evola- 
ticm  in  Dr.  Emmons'  mind  previposly  to  the  pablioation  of  the 
Gazetteer  next  to  be  mentioned.  Bot  professor  Dana  has  recorded 
the  fact  X  that,  according  to  information  from  ■proteeaor  Jamea 
Hall,  a  disGoBsion  of  "  Taoonic  ideas"  took  place  at  the  meeting  of 
the  "Aasooiation  of  American  Geologists  and  Natnralists"  at 
Philadelphia,  in  April,  1841.  la  this,  Dr.  Emmons  was  opposed 
by  H.  D.  Beyers,  E.  Hitohoook,  W.  W.  Mather  and  James  Hall, 
while  Lardner  Yannxem  favored  his  views.|| 

'B  entertained  tbeeame  rather  remarkaibls 

iThe  Tertiary  beda  are  of  some  considerable  extent,  occupying  "  not  only  the  Chain* 
plain  valley  but  that  ot  the  St.  Laurence  and  Hudson  alBO."  He  notes  It  as  a  "  ma- 
rine tonnatlon,"  and  states  tbat  "above  these  olay>,ftc,  we  have  the  modem  sroup 
composed  of  boulders,  pebbles  and  Bands  "  [Z38I.  Emmons  here  bestoirs  the  names  "Ht. 
Harcy  "  and  "  Adtiondock  group"  or  "AdlToiidaokB"~the  latter  to  embrace  the  high 
SDmmlts  ot  northern  New  York.    [pp.  St2,  343). 

tAmtr.  Juur.  Set,  111.,  zxxvl,  112. 

IThePioceedlngBot  this  Meeting  are  found  XoVbe-'Trwit.  AtmK.Amtr.atdogUaand 
WaturaUttt,  lB40-iS.  but  this  discussion  not  having  been  reported,  no  mention  ot  It  ap- 
pears, under  a  rule  of  the  Association,  The  proceedings  are  reported  also.  In  Amer. 
Jour,  Set,,  xll.  ISB,  IBU.  The  gmundsot  Vanuxem's  defence  are  stated  In  Bciwrt  imMs 
Third  DUtiicI,  1M2,  pp.  22-28.  He  styles  It  •'  The  Toconlc  or  Intermediate  System."  and 
says,  "  Uie  Cambrian  System  holds  the  same  position."  Mather's  reasons  for  regarding 
the  Taconio  rocks  B<  a  metamorphlo  condition  ot  tbe  Clhamptaln  rocks  ar«giTen(p.US) 
at  the  close  ot  a  chapter  on  the  Toconlc  system:  also  p.  *e*  (Rtporl  Third  DtttrM  qf 
Iftm  Foric.  1843,  pp.  iSS-43S),  Professor  Hall  In  his  report  on  the  Fourth  District,  em- 
braces the  TacunlD  system  In  his  enu  me  ration,  and  nowhere  expresses  any  disaeot. 

"The  comparison  of  views  at  the  meeting",  says  professor  J.D.Dana,  (Amtr.Jour  . 
Set.,  III..  XXXVI.  4U  Doc,  1888)  -'resull«d  in  Inducing  Prof.  Sogers  and  Prof.  Hall  to 
take  the  field  for  the  ntudy  of  sections  over  the  Taconic  region.  The  season  had  Just 
passed  when  Prof.  Rogers  mode  a  report  on  his  results  to  the  American  Philosophical 
Society  at  Fhiladelphls,ifVDC.  Amer.  FhU.  Soc,,  Jan.,  1842)  suStainlnR  Ibe  views  whtcb 
Hitchcock.  Hall,  Mather  and  himself  had  before  favored". 
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1841.  A  oommanioation  appeared  from  Dr.  Emmons  on  "The 
Oeology  ot  Montmorenci,"*  -which,  according  to  Dr.  Selwyn, 
"seema  to  be  of  considerable  intereet  and  importanoe,  in  view  of 
recent  discaBsions."  It  eappliee  some  of  the  evidence  on  which 
Dr.  Emmons  determined  the  existence  of  a  great  fault,  reaching 
from  tiie  St  Lawrence  into  Vermont  and  New  York.  On  the 
highway  from  Qaebec  to  the  falls,  at  the  Beaaport  river,  a  rega- 
larly  bedded,  horizontal,  nearly  black  limestone  oatoropa,  "present- 
ing a  remarkable  contrast  with  the  highly  inclined  rocks  of  Qae- 
bec." A  "black  slate,"  also,  "apparently  rests  against"  the  lime- 
stone. A  fault  or  aplift  is  thooght  indicated  by  the  facta  here 
observed,"  along  the  line  which  the  road  passes."  The  first  oat- 
orop  is"  very  clearly  Trenton  limestone,"  and  "the  slate  is  the 
Hndscm  Biver  alate." 

At  the  fall,  the  bed  of  Uie  river  above,  is  gneiss.  Beposing 
horizontally  on  its  edges,  is,  first,  the  Potsdam  sandstone,  stained 
with  copper,  and  not  over  ten  feet  thick;  second,  ooaree  bowlders, 
as  at  Chazy,  N.  T.,  ooueidered  the  upper  portion  of  the  Potsdam; 
third,  "a  compact  limestone"  conformably  overlying,  containing 
enorinites.  This  "gradoatee  into  a  gray,  crystalline  limestone," 
with  broken  ancrinitea.  Snoceeding  this  is  the  Trenton,  60  or  70 
feet  thick.  The  absence  of  the  Caloiferuos  and  Cbazy  is  noted; 
thongh  this  is  not  considered  remarkable. 

Below  the  fall,  the  rook  forming  the  fall  is  seen  to  be  fine- 
grained gneiss.  Against  this,  the  Black  state  of  the  Hadson  river 
reposes,  bat  with  an  onoonformable  inclination.  Dr.  Emmons  re- 
cognizee here  a  fault,  with  an  aplift  on  one  side  "and  a  down  heave 
on  the  other,  by  which  the  slate  has  been  thrown  into  an  inclined 
position." 

This  fault  is  regarded  as  extending  south  along  the  Beaaport 
road,  and  even  into  the  state  of  Vermont;  and  "may  be  particalarly 
traced  on  a  line  connecting  Johnson's  moontaiu  in  Lower  Canada, 
several  points  on  the  Miasisqae  bay  adjacent  to  the  Proviooial 
line,  and  also,  at  the  remarkable  nplift  at  Snake  moantain,  in 
Addison,  Vt.  A  line  uniting  those  points  and  several  others  in  the 
same  direction,  marks  the  line  of  a  graat  distorbance  which  baa 
deranged  the  lower  Transition  rooks  for  at  least  foar  hundred 
milee." 

In  view  of  these  facts,  Dr.  Emmons  asks;  "May  not  the  great 
fault  have  oansed  the  confosion  in  the  writers  on  geology,  in  re- 

"nieAm«rtoinMo(MKn«,November,184l.  See  tbla  reproduoed  In  Jmertmn  GbAiiiW. 
IJ.pp.  H-IOO,  Aagast,  less.  The  date  of  this  paiwr  iras  wroogly  printed  Id  the  Amniean 
e<oIo(fM  at  flnt,  but  ww  oorreoted  atMrward  (vol.  It,  p.SST). 
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gard  to  the  lower  Transition  rook,  partionlarly  the  Hadson  Biver 
elates  and  shales?  May  not  the  same  derangement  exist  in  Eng- 
land and  Wales,  and  have  been  the  oanee,  at  least  in  part,  of  their 
separatioD  from  the  Silnrian  system,  and  of  their  being  consid- 
ered as  one  distinct  therefrom,  and  which  has  been  called  the 
Cambrian  System  ?" 

Be  speaks  of  the  horizoatal  position  of  the  Hadson  Biver  rocks 
at  Polaski,  Iiorraine,  Bodman  and  Pinokney,  in  Kew  York,  con- 
formable with  the  Silnrian  system ;  and  of  their  inolined  position 
in  BensBelsBF  and  Washington  coonties,  in  Yermont,  and  the  en- 
tire length  of  Lower  Canada.  In  the  latter  region,  they  agree 
with  the  Cambrian  (omitting  the  lower  portion.)  He  speaks  of 
this  as  a  oonvictios  of  long  standing. 

He  oontinaes:  "It  is  proper  to  notice  here  one  source  of  diffi- 
culty in  regard  to  the  rooks  of  the  Hudson  rirer,  especially  on 
their  eastern  border.  It  is  the  fact  of  their  overlapping  in  this 
direotioQ,  the  Trenton  limestone  and  the  other  Transition  rooks 
beneath.  The  consequence  has  been  that,  in  traveling  from  east 
to  west,  or  from  MasBachasetts  and  Vermont  to  New  York,  we 
pass  directly  from  the  Primary  mass  to  the  higher  members  of  the 
Transition  system;  consequently  they  [geolt^:ieteJ  have  placed 
them  apon  the  Primary,  and  considered  them  as  the  lowest  of  the 
Transition;  whereas  there  intervenes  between  the  Hudson  river 
slates  and  the  Primary,  the  Trenton  limestone,  the  Birdaeye, 
Oaloiferous,  and  Potsdam  sandstone,  the  aggregate  thickness  of 
whioh  exceeds  a  thousand  feet.  Not  one  of  the  lowest  members  of 
the  Transition  system  appears  in  the  eastern  prolongation,  between 
the  Highlands  of  the  Hudson  and  the  Highlands  north  of  Quebec, 
adjacent  to  the  PHmary,  in  consequence,  as  has  already  been  said, 
of  the  overlapping  of  those  rooks  formerly  termed  Greywaoke, 
or  now  known  as  the  Hadson  river  series,  to  the  talooee  slates  of 
the  Primary,  and  also,  the  great  correspondence  in  kind  and 
amount  of  their  dip." 

Speaking  of  the  tenuity  of  the  Hadson  Biver  rooks  where  found 
horizontal,  and  their  great  thickness  where  inclined — amounting  to 
20  or  25  milee— he  says: — "There  can  be  no  donbt  that  east  of  the 
Hudson,  there  are  numerous  repetitions  of  the  same  layers;  for  it 
cannot  be  supposed  for  one  moment,  that  any  of  the  formations 
above  the  Primary,  can  be  of  this  enormous  thickness  which  ob- 
servation seems  to  indicate." 

1842.  While  occupied  in  the  preparation  of  hie  final  report  on 
the  Second  Dietrict  of  New  York,  Dr.  Emmons  drew  up  an  article 
on  the  "Topography,  Geolc^  and  Mineral  Besooroes  of  the  State 


>vCoo»^lc 


BTATI  OEOLOQIST.  73 

of  New  York",  vhioh  was  pablished  in  March,  1842.*  In  this  arti- 
cle he  sft^B:  "The  rocks  ( apo&  the  eaatern  bonier  of  New  York, 
sdjaoent  to  VermonttMasBaohosettB  and  OoQiiecticnt)are  situated  be- 
tween the  gneiss  of  Hoosick  mountain  on  the  east  and  the  slates  of  the 
Transition  on  the  west.  Thejr  ooenpy,  therefore,  geographical!;, 
as  well  as  geologioHlly,  an  intermediate  position-the  rooks  on  the  one 
hand  bearing  a  very  dose  resemblance  to  the  Primary  on  the  east,  and 
on  tiie  other,  a  great  similarity  to  the  Transition  slates  on  the  west. 
Still,  as  a  whole,  the  rooks  oftheTaghkanio  range  may  generally  be 
distiDgruBhed  from  those  on  either  side,  their  general  character  be- 
ing  derired  from  the  presence  of  a  large  proportion  of  magnesia, 
whioh  imparts  to  the  rooks  a  softer  feel  and  a  pecnliar  greenish 
color.  It  is  not  proposed  in  this  plan,  to  separate  tbeserooks  from 
the  Primary,  bat  to  consider  them  as  belonging  to  the  npper  por- 
tion, and  to  speak  of  them  as  the  Taghkanic  rooks,  or  perhaps  as 
the  Taghkanic  System.  .  .  Considering  them  for  the  present,  as 
beloBgiog  to  the  npper  portion  of  the  Primary,  the  Taghkanic 
rooks  will  be  composed  first  of  a  peonliar'talcwe  slate,  or  a  mag- 
nesiao  slate  in  part;  in  other  parts,  it  is  plnmbaginoos,  whioh 
strongly  soils  the  fingers.  .  .  Second,  of  white,  gray  and  cload- 
ed  limestone,  varying  in  texture  from  fine  to  coarse -granular,  often 
interlaminated  with  slate,  the  latter  often  merely  coloring  the  lime- 
stone, so  as  to  impart  that  clouded  appearance  .  .  '  Third,  of 
granular  qoartz,  or  a  sandstone  generally  silicioas-and  of  a  brown 
color  .  .  .  The  whole  Taghkanic  System  ia  clearly  stratified, 
and  is  wholly  unconnected  with  gneiss,  serpentine,  granite,  sienite, 
steatite  or  hornblende    ..." 

This  distinct  announcement  of  the  Taoonic  System,  it  will  be 
observed,  appears  in  a  volume  printed  in  March,  1842.  It  must 
have  been  drawn  ap,  probably,  some  months  previously.  Professor 
J.  D.  Dana,  by  a  slip  extraordinary  (or  bim,  has  quoted  a  passage 
from  Mather's  Fifth  Annaal  Beportf,  the  meaning  of  whioh  is  that 
the  writer,  on  Janoary  20,  1641,  (Dana  says  Febtzary  1,  1841),  re- 
garded the  "granular  quartz"  (embraced  in  theTaconio)  as  simply 
"the  Potsdam  sandstone  in  a  metamorphio  state",  and  the  associ- 
ated "granular  limestones"  as  belonging  to  the  same  geolc^ioal 
epoch",  and  that  "the  rocks  generally  along  the  eastern  border  of 
New  York,  and  probably  all  the  rocks  from  the  New  York  State 
line  east  to  the  Oonneotioat  valley  are  similar".  But  these,  it  ap- 
pears, were  not  Emmons*  views  on  the  first  of  February,  1841.    The 

'AOatOUer  of  Ok  SUiUo/ Hew  Torh,  etc..  Albany.  1S13.   J.  Dlstaniell.  U&Foh,lHS;p. 
Attention  has  been  called  to  this  and  other  earlj  literature  bearing  on  the  Tacon- 
a  Bfsteia.  by  Lieut.  A.  W.  Vogdes,  In  the  Ameriean  Otoloalgt.  vol.  11, 1688,  pp.  362-56. 
turner,  Jour.  Sci.,  III,XXXVI,411.begInnlng,"The  graDnlarqiiHrtEDf  Bennliigton".&o. 
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oonceptioD  of  the  Taoonio  Bjstem  was  not  originated  in  .the  brief 
period  between  tbia  date  and  Janasryl,  1842 — the  date  of  Emmons' 
final  report  The  citations  already  made  from  the  geology  and 
map  of  Berkshire  ooanty  show  that  the  body  of  rooks  between  tlte 
Primary  granites,  gneisses  and  schists,  and  the  Transition  rooks 
above,  had  been  isolated  eighteen  years  before,  thoagh  at  that  time 
designated  "Upper  Primary".  If  Emmons  made  no  mention  of 
them  in  his  annual  reports,  it  was  becaose  they  were  not  embraoed 
in  his  district  In  a  final  report,  however,  he  tells  ns  he  felt 
oonstrained  to  oarry  into  effect  a  plan  formed  in  the  beginning  of 
the  survey,  "to  f  araish  the  materials  necessary  for  a  complete 
work  on  the  New  York  rocks"  and  to  make  "this  volume  distinct 
from,  and  independent  of,  the  reports  of  the  other  distriots"*  In 
another  oonnection  he  informs  ns  that  the  conception  of  theTaoon- 
ic  dates  from  1838*  * 

In  hie  Final  Beport  on  the  geolt^y  of  the  Second  Disbict,!  Dr. 
Emmons  gave  the  following  classification  of  the  Primary  rocks: 

I.      UnSTRATIFIED.  II.  StBATIFIBD.      m.   SUBOBDIKATE. 

1.  GraniM  I.  Qneies.                 l.    Porphyry. 

2.  Hyperethene  rock.  2.  Hornblende.        2.    Trap. 

3.  Primitive  limestone.  3.  Sienlte.                3.    Magnetic,  and 

4.  Serpentine.  4.  Talc  or  Steatite.  4.    Specularoxideoflron. 

5.  Rensselnrite. 

The  granites  are  reoc^nized  as  erapted  at  different  epochs.  The 
hyperstheue  rock  contains  disseminated  grains  and  extensive  beds 
of  magnetite  (p.  222).  The  primitive  limestone  is  still  regarded 
as  nnstratified  and  igneous  in  origin  (pp.  88,  225).  Adverse  opin- 
ions are  examined,  and  new  evidences  adduced.  Serpentine  is  also 
alleged  to  be  never  stratified,  and  to  have  been  erupted,  probably, 
at  different  epodis  (pp.  69,  70).  Tet  it  never  occurs  in  dikes  or 
veins,  and  oanses  no  alteration  in  contigaous  rocks.  The  same 
opinions  are  entertained  of  Bensselsarite  (p.  74).  '^The  term  sienite 
is  applied  to  a  stratified  rook  composed  of  feldspar  and  hornblende" 
(p.  80).  The  magnetic  and  speoalar  oxides  of  iron  are  regarded  as 
of  igneous  origin  (p.  97).  Of  the  origin  of  the  stratified  primary 
rocks  nothing  is  here  recorded. 

The  seventh  chapter  of  this  volnme  (pp.  135-164),  is  devoted  to 
the  "Taoonio  System,"  thongh  none  of  the  rooks  have  been  ob- 
served to  occur  in  the  Second  District  of  New  York.  "A  large  por< 
tion  of  its  rocks  or  masses  are  interlocked  between  the  New  Eng> 
land  or  primary  ranges  upon  the  east,  the  most  important  of  which 

•rUport,  Second  Diet.,  1312,  p.  139. 

—American  OtOlomi,  Ft-  H.  pp-  5  and  8. 

lOtuhm  of  Nob  York.  Part  II,  lg«2,  p.  E3.    TlilB  was  publtob«d  Ha;  3S,  1843. 
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is  the  Hooeiok  monntaiD,  and  the  Tacoaio  (range),  with  the  more 
Testerly  abrapi  hiJlB,  upoo  the  west — or  the  eastern  border  of  the 
Mew  York  Transition  system."  Oq  each  side,  the  rooks  partially 
blend  with  the  contigaoaa  systems.  The  lower  limit  of  the  Taconio 
system  is  the  apper  limit  of  the  Primary.  The  etatemeot  that 
"these  rocks  bfilong  to  the  earliest  deposits"  (p.  141)  woald  imply 
that  gneiss  (of  the  Primary)  is  not  regarded  as  sedimentary  in 
origin*.  The  upper  limit  of  the  Taconio  system  is  the  Potsdam 
sandstone — which  at  this  epoch  was  regarded  as  the  base  of  the 
fossiliferoos  series,  or  at  least  of  the  Silnrian  series. 

The  formations  here  embraced  in  the  Tacoaic  system  ore  the 
following,  in  descending  order: 

5.  8tockbri<^e  limestone,  coarse  granular  and  of  Tarioos 
oolors. 

4.  Grannlar  Qnartz  rock,  generally  fine  grained  and  brown,  bat 
Bometimes  white,  grannlar  and  friable. 

3.  Magueeian  slate  having  a  soft  feel.  Principal  mass  of 
Taoonic  moantains  (p.  153).  Perhaps  repeated  in  Greylook 
mountain,  on  the  east  of  the  Sparry  limestone. 

2.     Sparry  limestone. 

1-  Taconio  slate,  at  the  western  base  of  the  Taoonic  range,  ad- 
jacent to  the  Hndson  Biver-  shales. 

The  order  of  saperposition,  however,  is  not  regarded  as  settled 
(p.  lBO).t 

This  is  what  Dana  o^ls  Phase  I. 

It  is  diffioolt  to  appreciate  the  reasons  giren  by  Dr.  Emmons 
for  placing  his  Taoonic  slate  at  the  bottom  (sapposing  this  is  what 
he  means) — even  in  the  light  of  his  own  section  from  Adams, 
Hassaohosette,  westward  to  the  Cbamplain  rocks  of  New  York 
'(giTdQ  on  p.  145).  It  is  trae  the  beds  have  a  general  dip  east- 
ward, giving  the  "Taoooio  slate"  the  sppeartoce  of  dipping  under 
all  the  other  members ;  but  the"  Taconio  slate"  lies  contiguous  to  the 
Champlain  rocks,  and  even  extends  under  them,  though  apparent- 
ly by  an  overslip  of  the  latter. 

It  is  a  singular  inconsistency  of  Dr.  Emmons,  that  in  explaining 
the  distinctions  of  the  foor  limestones  from  the  Primary  to  the 
Cbamplain,  he  ^pressly  ranges  the  "Sparry  limestone"  above  the 
"Stookbridge  limestone"  (p.  143) — an  order  which  he  was  des- 
tined later  to  accept  (or  the  whole  Taconio  series.    Similarly,  (p. 

'"DIvldlDg  the  rooks  Into  two  classes,  the  prlmSiry  and  sedimentary"  (p.  WO)  he  says. 
elBewbere.    See  alHi  p.  UK. 

^There  are  some  Indleatlons  that  the  order  Inteaded  by  EmmonB  Is  the  reverse  of 
this.  So  Mr.  UaicouhasuDdentoodblni,  In  "TheToeonla  Bystemand  lis  poBltlonln 
stratlgraphlo  geology"  [Proc.  Amtr.  Aead.,  xll,  VH-Wi.  188S.) 
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142)  ha  places  the  "mt^neeian  slates  "  below  the  "  fine  alomiaons 
slate  ("Taconio  slate,")  an  order  which  he  immediately,  bat  with 
apparent  aDOonBcioosDess,  reverses  (p.  144)  and,  though  somewhat 
hesitatingly,  defends  (p.  147). 

The  Stockbridge  limestone  most  be  distingnished  from  the  Pri- 
mary limeBtone  below,  and  the  Bparry  limestone  most  not  be  con- 
founded with  a  flilioioQs  limestone  oocarring  in  the  "  Ghamplain 
groap"  above.  Similarly,  "tlie  "MagoesiAD  slate"  most  be  dis- 
tingnished bom  the  lower  Talcose  elate  of  the  Primary,  and  the 
Taoonio  slate  mnst  not  be  oonfonnded  witii  the  shales  and  slates  of 
the  Hodson  river.  The  Taoonio  rooks  are  entirely  destitnte  of 
fossils  ;  bnt "  they  famish  as  with  a  knowledge  of  that  state  whioh 
immediately  preceded  the  existence  of  organic  beings"  (p.  164). 
They  are  regarded  as  "  equivalent  tn  the  Lowot  Cambrian  of  Pro- 
fessor Sedgwick,"  "  the  upper  portion  being  the  lower  part  of  the 
Silurian  system." 

In  the  "Tabular  Views"  of  the  sedimentary  rooks  of  New  Tork 
(p.  429),  the  members  of  the  Taoonio  system  are  given  as  follows  ■ 
4.    Girannlftr  Quarts    [=cPotadam  aandatoDAi] 
8.    Stoekbridfe  Limeatone    [>=Blue  limeaton«  of  Hadaon  Tallej.] 
3.    Magneaian  Blata     l=SlBteB  of  th«  lowaot  formation  of  tb«  Appa- 
laohian  SyaUm.] 

1.    Taoonio  Slata. 

I  have  placed  at  the  right  in  brackets  the  equivalences  of  the 
Taconic  members  as  maintained  by  professor  H.  D.  Rogers,  in 
1844.* 

It  will  be  noticed  that  the  relative  positions  of  the  Oranular 
Quartz  and  Stookbridge  limestone  here  are  the  reverse  of  those 
given  near  the  commencement  of  this  report.  Also,  the  Sparry 
limestone  is  omitted. 

1844.  Dr.  Emmons  issned  a  thin  quarto  volome  entitled  "Ta- 
oonio System,"  and  dated  Peoember  2,  1844,  containing  the  results 
of  the  previous  two  years  of  study.  The  Taconic  system  appears 
with  importabt  changes  and  an  extension  of  area.  The  contents 
of  the  memoir  were  exactly  reproduced  (except  the  Preface)  in  his 
Report  on  the  Agrioaltnre  of  New  York.f 

1846.  In  the  first  volume  of  his  Beport  on  the  Agrionltare  of 
New  Tork,^  he  devotes  the  fifth  chapter  (68  pages)  to  a  fresh  dis- 

*  In  May.  IRU,  Prut.  II .  D.  Hogora  ruturned  to  b  diaouBBloD  ol  the  Tsconlc  system,  in 
his  presMentlitl  luldretis  before  the  Association  of  Anierleba  Oeologlata  and  Natural- 
Ists  at  Washington  (Amer.  Jour,  Sci..  iItII,  137,  SIT.  WV.  He  seems  to  h£.ve  be^n  the  Brat 
to  BUKKeat  tliat  the  Potsdam  sandstone  might  not  be  the  absolute  base  ol 


t.4|7NcuIturc  af  Neu}  Yutii,  vol.  1, 17«.  p.  K. 
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oosaion  of  the  TEiconic  BjrBtem.  Stimnlated  by  the  opinion  of  the 
brothers  Rogers,  fcooepted  by  Mather,  E.  Hitohoook  and  Dr.  Sam- 
uel L.  Dana,  that  the  Taoonio  rocks  were  merely  metamorphic  oondi- 
tioQS  of  the  lower  members  of  the  New  York  or  Appalachian  syetem, 
heresnmes,  with  new  facta,  a  presentatioD  of  evidenoeB  sustaining 
his  former  positiouB,  Ist,  that  the  Taoonio  rooks  are  "inferior  to 
the  ChampluD  division  of  the  New  York  system,  or  the  lower  di- 
TisioD  of  theSilarian  syetem  of  Morohison  (p.55);  2d,  That  they 
are  a  series  of  eediments  reposing  directly  on  the  Primary  system ; 
3(1,  That  they  oontain  previonsly  unknown  organic  remains;  4th, 
That  the  lithologio  members  of  the  Taoonio  system  have  a  different 
order  of  arrangement  from  that  foond  within  the  New  York  sys- 
tem, and  are  mach  thicker  than  those  to  which  they  have  been 
enpposed  eqaivalent  in  that  system.  The  members  of  the  system, 
OS  now  recognized,  are  as  tollows : 

6.  Slack  slate  (hitherto  iadnded  in  Taoonio  slate),  with  Atopa 
trilineaius  and  Mliptocepkalus  asapkoidea.  I. 

d,  Taoonio  slate  (with  seven  sabdiTisiona),  incloding  Hoosiok 
roofing  slates  with  Bucoides  and  N'ereitea.  III. 

4.     Sparry  limestone  (of  Eaton).  IL' 

3.    Magnesian  slate  of  Taoonio  and  Saddle  monntsins. 

%  Stockbridge  limestone,  in  the  Hoosick  and  Housatonio  val- 
leys, and  extending  to  Sing  Sing. 

1.  Brown  soadatone  or  Granular  Qaartz,  with  foar  subdivis- 
ions. 

This  is  what  Dana  calls  Phase  n. 

The  Sparry  limestone  is  here  replaced,  the  Black  slate  is  sepa- 
rated from  the  Taoonic  slate,  and  the  whole  series  is  tnrned  upside 
down.  This  order  is  now  in  accordance  with  the  indications  of  the 
Beotion  given  on  page  146  of  his  Beport  on  the  Second  District,  and 
oonforms  with  the  theory  of  an  overturn,  as  maiotained  by  H.  D. 
Bogers. 

In  this  volume,  the  Taconic  is  recognized  in  Bhode  Island,  in 
Maine  and  in  Michigan. 

In  another  publication  of  about  Ihe  same  date*  he  makes  a  his- 
torical remark  on  the  origin  of  the  Taoonio  system,  referring  to 
the  article  in  Distumell's  State  Begister.  "In  making  ap  oar 
notes  for  this  object,"  be  says,  "we  found  it  necessary  to  fix  upon 
some  general  subdivisions  of  the  rooks  belonging  to  the  State. 
We  drew  up  an  abstract  of  the  plan,  and  submitted  it  to  the  criti- 
oism  of  the  Bev.  Prof.  Dewey,  of  Rochester.    .    .    .    Professor 

'American  Quariaiu  Journal  of  AgrleuUart  and  Scltnct,  vol,  Iv,  IMS,  p.  202. 
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Dewey  approved  of  the  diviaioD  proposed,  in  the  main.  It  re- 
suited  in  separating  the  rooks  in  the  viciDity  of  t&e  Taoonio  range, 
both  from  the  Primary  and  the  Nev  Tork  Transition,  as  we  then 
called  them. 

1848.  Profeesor  James  Hall  having  deaoribed*  Atops  trilin- 
eatua  of  EmmonB  ander  the  name  of  Calymene  heokit,  sad  re- 
ferred it  to  the  Hadson  River  gronp,  and  having  also  described  in 
the  same  work  (p.  256)  Elliptooepkalus  aaaphoidea  onder  the 
name  of  Olenus  asaphotdes,  and  referred  it  likewiee  to  the  Hod- 
son  Biver  groap  (see  especially  Hall's  foot-note,  p.  257)  professor 
Emmons,  "with  other  specimens  more  perfect"  presented  to  the 
American  Association,  a  new  and  detailed  description  of  At<^a 
trilineaius,  and  a  parallel  description  of  TriaTthrua  {Calymene) 
beckii\  pointing  oot  what  appeared  to  l>e  important  differenoeel^. 
He  also  disonssed  Elliptocepkalus,  and  indicated  technical  dis- 
tinctions between  that  genns  and  Olenus  and  Paradoxides  (p.  18 ). 
In  the  same  oonnectioa  he  repeated  that  the  tenability  of  the 
Taconic  system  rested  on  structural  and  mineralogioal  evidence 
"far  more  important  than  the  presence  or  absence  of  certain 
fossils" — meaning  evidently,  these  fossils. 

1855.  In  Mb  "  American  Geology,"  the  second  part  of  which 
appeared  this  yenr,|{  the  Taconic  system  receives  a  new  presenta- 
tion. The  following  is  a  synopsis  of  the  System  as  then  onder- 
stood :  ' 

Upper     <  Black  eUte  of  Bald  mouniain,  L  Gambrisn, 

Taoonio.    j  Taoooio  slate,  HI.  I.  Hadwn  alatMatidOam. 

T.r,w»     {  Ma»ne«an  slate,  IIL  HndaoQ  Blatea. 

.i~l  ,„    i  Stoakbridffa  li.  inolad'g  Sparry  L.    IL  Law«r  SUnrian. 
iwonio.    (  Qr„Tii„  Qnartz.  L  Oambiiaa. 

(I  have  added  on  the  rights  the  equivalences  as  laid  down  in 
1888,  by  professor  J.  D.  Dana). 

This  is  styled  by  professor  Dana,  Phase  III ;  but  the  only  change 
made  since  Dr.  Emmons*  last  publication  is  the  omission  of  the 
"Sparry  Limestone,"  as  in  the  "  Tabular  View,"  at  the  end  of  his 
Report  on  the  flieoond  District — this  being  merged  in  the  "Stock- 
bridge  Limestone," — and  the  recognition  of  a  division  of  the  sys- 
tem between  the  f ossilif erooa  and  the  unfoesilif erons  portions  — 
giving  OS  "  Upper  "  and  "  Lower  "  Taconic.  There  were  two  reasons 

'PaiJiHintoloov of  Neat  Torti,  vol.  1.  p.  iffiS.,  pi,  Ixv,  OgB,  4a-e. 

tProe.  Ana-.  Aaaoe..  1M«.  pj).  IB-lS. 

t  luhlB  judgmentof  Uck  of  Identity,  he  had  been  sustained  by  a.  S-BtililemaD.olialr- 
man  at  b.  0DDimUt«e  of  the  Aaitoclatlon  of  Anierloan  OeOlogistA  and  Naturaltata,  • 
pointed  to  conalder  the  tiuestlon  Unar.  Jour.  Sc(.  II,  v.UT,  1S48).    Thlsjadgment 
feasor  Hall  opposed  {Anar.  Jour.  Set.  II.  v,  32S,  IMS.) 

I  AmiTieaia  Ofotoav-  Part  U,  8S0  pp..  Albany.  IBKl,  pp.  I-ISS. 
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for  invertiiig  the  order  as  originally  given  :  Ist,  evidence  of  an  over- 
torn,  as  all  aloog  argned  hj  Bogers,  and  as  ahown  by  the  diagram 
given  by  Emmons  himaelf ;  2d,  the  discovery  of  fossils  in  the  Black 
slate,  whioh  Emmons  had  always  me^ed  in  the  Taconio  slats,  or 
had  closely  associated  with  it  (Ag.  Sep.,  63).  Thoa  the  Black  and 
Taoonic  elates  now  stood  at  the  top,  bat  their  cloee  chronological 
association  was  an  erroneous  asBamption — ^the  former  only  belong- 
ing  tmly  to  the  sab-Fotedam  aeries.  As  Dr.  EmmcmB  exolnded 
the  Potsdam  Bandatone  from  the.  Taconio,  and  as  the  Qrannlar 
Qosrtz  has  proved  to  be  Potsdam  sandstone,  the  Black  slate  was 
(jl  that  he  had  thns  far  really  bronght  into  the  snb-Potsdam  Ta- 
oonic This  Black  slate  of  Bald  mountain,  Bensselnr  oonnty,  was 
now  the  only  imperishable  nncleos  of  the  Taconio  system  as  con- 
ceived— however  Dr.  Emmons  believed.  The  so-oalled  Lower  Ta- 
conio was  pronoanoed  azoic. 

The  following  points  taken  from  the  "American  Geology"  (p. 
122)  embody  the  most  important  features  of  the  system  as  then 
understood  byitsanthor:  1.  "Its  series  divided  into  groups  are 
physically  nnlike  the  Lower  Silnrian  series;  2.  "It  supports  an- 
oonformably  at  numerous  places,  the  Lower  Silnrian  rocks."  3. 
"It  is  a  vital  system,  having  been  deposited  daring  the  period 
vheu  organisms  existed";  6.  It  "carries  as  back  many  stagee 
further  in  time,  when  life  gave  vitality  to  its  waters,  than  the  Si- 
lurian." To  the  Bald  mountain  locality  of  trilobites  he  here  added 
one  in  Augusta  county,  Yirginia,  from  which  he  described  Mioro- 
discu*  quadricoaUiiua.  He  also  described  foar  marine  plants,  22 
graptolites  and  six  molluscs. 

Keeping  in  mind  Uie  black  slate  of  Bald  mountain,  whieh  had 
yielded  two  species  of  trilobites  regarded  by  Emmons  as  sub-Pots- 
dam in  age,  though  described  by  Hall  as  of  Hodson  Biver  age,  it 
is  interesting  to  note  the  discovery,  about  this  time,  of  other  tril- 
olntes  in  the  Black  slates  of  West  Georgia,  Termcait,  lying  within 
the  region  claimed  by  Emmons  as  Tacouic.  These  falling,  after 
two  years,  into  the  hands  of  professor  Hall,  were  also  described  by 
him*  as  belonging  to  the  Hudson  Biver  groap.  By  this  aathority 
the  beds  were  thus  made  equivalent  to  the  Bald  monntain  Black 
slate.  The  names  given  these  trilobites  were  Olenua  thompaoni, 
Q,  vemontana  and  PeUura  holopyga,  now  determined  by  Walcott 
as  Olenellus  ihompsoni  Hal],  O.  (Mesonads)  vermoniana  Hall 
ep.  and  Sathytiotus  holopyga  Hall  (Amer.  Jour.  Sd.  Ill, 
xxxvii,  389,  May,  1889).    These  were  new  acoeeeions  to  the  reel 
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TacoDic,  for,  thongh  made  SilarisD  by  Hall,  they  were  recognized 
by  Parraude  as  primordial  or  sab-ISilnriau  types.  Areal  aab-Pots- 
dam  Taoouio  existed,  therefore,  ia  1864,  in  Rensselaer  ooanty. 
New  York,  and  in  West  Georgia,  Yermont,  not  to  mention  Aagnsts 
connty,  Virginia.     That  tact  was  embraned  in  Dr.  Emmons'  claim.* 

1859.  We  have  no  docaments  of  this  date  from  the  pen  of  Dr. 
£minoDB,  showing  his  nseoftheseprimordial  trilobitesasToaohera 
for  the  existence  of  a  real  Taoonic  eyatem.  We  find  no  recorded 
-views  from  him  on  the  publication  made  by  Prof.  Hall  in  1359; 
bnt  in  hie  Mannal  of  Qeologyt  (p-  88)  the  preface  of  which  is 
dated  May  1,  1859,  a  targe  trilobite  is  fignred  under' the  name  of 
Paradoxidea  brachycepkalus,  which,  as  suggested  by  profeseor 
G.  H.  Hitchcock  in  1881,];  is  identical  with  Olenua  thompaonx 
Hall. 

This  pablioation  antedates  that  of  the  Twelfth  Regents'  i£epoH.  || 
The  evidence  is,  therefore,  that  independently  of  work  done  by 
others  in  Yermont,  and  before  their  reenlto  were  poblisbed,  Dr. 
Emmons  had  become  acquainted  wiUi,  delineated  and  published 
sub-Silurian  trilobites  within  the  Vermont  area  orrer  which  he  had 
extended  his  asserted  snb-Fotsdam  Taoonic  system.  The  Georgia 
slates  now  beginning  to  yield  the  palaeontologioal  evidence  of  their 
age,  were  part  of  the  "PrimitiTe  argillaceous  slate"  of  professor 
Dewey;§  the  "PrimitiTe  argiilaoeous  slate"  of  Dr.  E.  HitcJioook;** 
the  "Black  elate"  and  "Taconio  slate"  of  Dr.  Emmons  in  varions 
publications  on  the  Taconio  system. 

1860.  However,  in  a  note  at  the  end  of  the  second  edition  of  hta 
Manual  of  Geology  (p.  280)  he  says:  "The  slates  or  shales  referred 
to  (in  the  Regenia'  Report  for  1859)  in  northern  Vermont,  aa  con- 
stituting a  new  series  above  the  so-called  Hudson  Biver  group,  in> 
stead  of  ranking  thus  high  in  the  geological  scale,  are  really  sub- 
Hilurian,  aa  is  fully  proved  by  the  overlying  caldferoas  sandstone. 

•The  TacoQlc  aystein  was  luatnUIned  In  the  Bfport  on  the  QmUvlaA  Surnm  of 
SirraiC<m>Una.Svo.  18116,  pp.  «-73~revIawed  In  Amtr.  Jour.  Sef.  11.  xxlv,  137-430. 

tjtfanual  of  Otolom.  B;  E.  EmmonB.  300  pp.  8  to,  Phllodelpbla,  ISSO, 

tQtolom  of  Vermont,  vol.  1,  387. 

lAccordlng  to  Prof.  Hull,  the  whole  of  the  Xllth  IMfnU'  Bepori  was  puhltahed  pre- 
vious to  Sept.  SO,  IBM,  Hr.Blll!nKSKlveBOct.i)rN0T,forthedateot  pnbUoatlOn  (Gon- 
adiait  JiaturaUgt,  vi.  SIS)  though  tbo  date  on  the  title  page  Is  Haroh  15,  lase— evidently 
the  date  at  which  the  printing  began.  This  documeht  purports  to  be  "some  of  the 
resulte  of  iDveBtlgattong  made  during  the  years  ]85»,  'M.  'ST  and  '(W  bjr  Jamea  Hall  "  and 
a  note  stBt«&  that  they  "aredlready  printed  lathe  third  Tolame  of  the  RiIiMontolofft/ O/ 
Jfete  york."  The  transmission  of  this  volume  to  the  governor,  nevertbelesa.  Is  dated 
September,  1806,"  showing  tbat  though  "printed, "It  was  not  pubUsbedearllei  than  the 
TvidfOi  ReoenU'  Report. 

tOtolOBkalMapof  BeiiaiMre.Ma*t;  CofumMaand  Benat^aer  muntSt*,  H.  i*,.  Amer,  Jour. 
Sol,,  vlii,  124. 

*  'OttAnglctU  Bepori  of  JMasuncJitwrtte,  18K, 
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.  .  .  We  now  koow  the  followiDg  trilobites,  all  of  which  belong 
to  a  Blate  beneath  the  Caloiferoae,  viz:  Atops  punciatus,  Ellip- 
iocephalus  (Paradoxidea)  aaaphoides,  Faradoxides  Thompsoni, 
P.  VermontaTiua,P.macroc^halus,  P.  {Pagurus)  quadrispinosus 
and  Microdiacug  quadricoataius." 

This  extension  and  validity  vere  given  the  Taoonic  Bystem  daring 
the  lite  <^  Dr.  Emmons,  and  almost  wholly  throngh  the  persistence, 
ability,  and  force  of  his  own  efforts.  The  geologists  of  the  ooantry, 
save  Yanoxem,  Jewett  and  Billings,  were  unitedly  against  him. 
The  most  prominent  paleeontologist  of  the  oonntry  had  referred  the 
Georgia  trilobites  to  the  npper  part  of  the  Hodson  Kiver  groap. 
'The  distinguished  straotoral  geologist  of  Canada,  Sir  William 
Logan,  had  rendered  his  testimony  that  the  shales  affording  the 
foBsils  were  "part  of  a  series  of  strata  which  be  is  (was)  in- 
clined to  rank  as  a  distinct  group  above  the  Hodson  Biver  proper.* 
Only  one  aathoritative  voice  was  raised  in  vindication  of  Dr.  Em- 
mons' long  oontested  claims.  That  voice  came  from  aorose  the 
ooean,  and  almost  in  tones  of  reproach  for  American  palsBontology, 
in  failing  to  reoc^ize  the  principles  of  order  which  it  had  pro- 
fessed to  rect^ize  in  the  saccession  of  organic  life,  gave  utterance 
to  the  sentiment:  "Si  le  Dr.  Emmons  fait  encore  de  lag^ologiec'eet 
ponr  Ini  one  belle  occasion  pour  r^prodnire  ses  anoiennes  observa- 
tions et  em  idim  aveo  plus  de  saoc^  q'en  1814.t 

No  public  documents  relating  to  the  Taconic,  of  later  date  than 
1860,  issued  from  the  pen  of  Dr.  Emmons.  He  went  to  North  Oar- 
olina  in  September,  i860,  as  Stale  Geologist,  and  remained  within 
the  Confederate  lines  daring  the  civil  war,  "until  he  died,  in  1863, 
at  his  plantation  in  Brunswick  county,  on  the  first  of  October". 
Mr.  Maroon,  however,  maintained  a  correspondence  with  him  nutil 
January  28, 1861,  and  from  these  letters  I  qaote  a  few  passages.  || 

Zn  a  note  dated  Raleigh,  Nov.  10, 1860,  he  says  :  "  I  do  not  think 
him  (Barrande)  right  in  maintaining  that  bis  Primordial  Group  is 
a  part  or  parcel  of  the  Silnrian  ,  .  .  The  Lown*  Silurian  is 
strictly  nnconformable  to  every  part  of  my  Taconic  series."  Writ 
inK  the  next  day,  lie  continnes :  "Perhaps  I  did  Barrande  injustica 

.  .  I  find  that  after  all,  his  Primordial  Group  is  only  Lower 
Silnrian.    I  conceive  we  have  exactly  his  Primordial  Group  in  the 

•Twellth  Beport  N.  Y.  Begents,  p.  flS,  note. 

^Letter  ol  H.  Barronde  to  H.  Hnroou,  I4th  Aug.,  1BS0,  IProc.  Amer.  Aead.,  IBSS.  p.  192  j 
"Od  ibe  Prtmordlal  Fftuna  ».ad  the  Tsoonlc  System  of  Emmons."  Also.  In  part.  Proc- 
Borlim  aoetOy  SaL  HW.  v  II,  Dec.  IBBO,  3(»-3;5. 

iTbe  letters  are  published,  with  much  other  corraspoDdence,  In  Proe.  Anur.  Atod., 
xlJ,  less.  pp.  iei-3S4. 
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band  of  Blates  ooDtsining  the  Paradoacidea.*  On  the  28th  of  Deo- 
•  ember,  referring  to  a  oommunicitioii  rejected  by  the  editor  of  the 
American  Journal  of  Science,  in  which  were  embodied  some  com- 
ments on  the  Haronien  syetem  of  Logan,  be  says  :  "  I  claimed  that 
the  Hnronian  was  only  the  Taoonic  system."  On  January  23,  1861, 
he  writes  :  "  It  was  ten  years  ago,  I  think,  when  I  claimed  Logan'e 
Hnronian  system  as  nothing  more  than  the  Taoonio.  .  .  The 
aokuowledgment  of  the  Primordial  of  Barrande  in  this  ooontry  (re- 
ferring to  some  ooQoessionB  of  Sir  William  Logan  )t  is  really  one 
of  the  finest  and  best  facts  in  geology,  making  a  oo-ordination  of 
American  and  Enropean  rooks  so  complete  and  harmonious ;  I 
think  of  nothing  I  have  said  or  done  in  this  matter  ;  I  look  apon 
the  harmony  of  the  systems  ;  they  are  truly  worth  dwelling  npon." 
In  reference  to  M.  Marcoa's  proposal  toinolnde  the  Potsdam  sand- 
stone within  the  Taoonio,  I>r.  Emmons  writes,  January  28,  1861 : 
"  Let  me  declare  onoe  for  ell,  that  I  have  not  the  slightest  objection 
to  yonr  Tiew.  .  .  If  yon  believe  yon  can  make  oat  a  good  case 
with  the  Potsdam  anywhere,  I  never  shall  objeet,  for  I  have  no 
wanto  except  troth." 

These  noble  sentimentB  oloee  the  oorrespondenoe,  and  oonstitate, 
BO  far  as  I  know,  the  last  utterance  of  Dr.  Emmona  which  passed 
the  lines  of  a  country  bo  soon  to  become  the  theatre  of  bloody  wia. 

Let  us  now  consider  the  form  which  the  Taconio  system  hod  as- 
sumed daring  the  lifetime  of  its  author  : 
(Pi>Muii  Mmdctoiie  (sagawt«d  hj 
U&rooa.aasMited  to  br  Emmons).    I.  Oambrian. 
Black  Blate  of  Bald  Hoontaln  and 
Georgia  alatai  ot  Vermont.  Z.  Cambrian. 

TacxHuo  ilatce.  UI.  Hudson  elates  end  I,  0am. 

{Ifesneeien  ilste.  IIL  Hudson  slate. 

Stookbtidfie  limestone,  iaolnding 
Bparrf  Umeetone. 
Qrannlsr  qasTtz. 

*TblB  lookE  like  an  ttdmlwIoQ  thatEtnmoQs'Aira 


against  whloh  he  oooMnded.     Bui  though  Primordial  was  8 
senw  Id  whloh  Barrande  used  the  term,  It  wan  beneath  the  BUuilan  ai  EmoonB  con- 
ceived It.   On  the  previous  day  he  bad  declared  Barrande's  Primordial  not  properly 

-tAbout  thU  time.  In  a  letter  to  Barrande,  dated  Dec.  31,  IMO,  Sir  W.  S.  Logan  wrote: 
"  ProteesorEoimonH  hftslong  maintained  .  ,  .  that  tooIib  In  Vermont  which  in  Jane, 
IBfiO,  I  For  the  first  time  hbw  aod  recognized  aa  equivalent  to  the  raagneslan  part  of  the 
Quebec  group,  are  older  than  the  Blrdseje  llmestoDB  :  tbetoasUs  which  have  tfaU  rear 
been  obtained  at  Qaebec  pretty  clearly  demonHtrate  that  In  this  he  1b  right.  It  U  at 
Uie  same  time  satisfactory  to  find  that  the  view  which  Mr.  BUItngs  expressed  to  you  In 
his  tetter  of  the  Uth,  July,  to  the  elfeot  that  the  Quebec  CrlloUteii  appeared  to  him  to 
be  about  the  base  of  the  second  fauna,  should  bo  well  aocord  with  your  own  opinions, 
and  that  what  we  were  last  spring  disposed  to  regard  at  Georgia  as  a  colony  In  the  sec- 
ond fauna  should  so  soon  be  proved,  by  the  discoveries  at  Quebec,  to  be  a  constituent 
part  of  the  Primordial  Zone."  This,  liayn  Barrande  ( OiKununa  aneler»  et  nouiwoui'.  etc 
Bull.  4  Fev..  mo.  p.  320)  "  Is  a  formal  recognition  by  Sir  Wllllarn  Logan,  of  tbe  Taconic 
9ysl«m  at  the  base  of  the  Silurian." 
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On  the  right  are  the  parallelisms  establiehed  by  Dana,  Waloott 
and  others.  The  Table  shows  the  Taconic  sjBtem  left  by  its  au- 
thor in  state  of  iacompleteness — evea  coafosion.  We  find  three 
members  whose  tme  positions  are  above  the  Potsdam  sandstoue. 
Bat  we  And  also  three  members  whose  positions  are  admitted  to 
be  snb-Fotsdam — as  maintainod  by  Emmons.  The  mal^position 
of  the  Stookbridge  limestone  was  an  error  of  exactly  the  same 
magnitnde  as  that  of  the  geologists  who  would  identify  the  GraD> 
nlar  qnartz  with  the  Potsdam  eandstone,  or  would  make  the  Black 
slates  of  Oeorgia  synohronons  with  the  Hadeon  River  shales.  Our 
science  was  then  in  a  comparatively  crude  state,  and  none  of  these 
eriora  need  eurprise  us.  We  have  asoertained  that  a  real  sub- 
Silnrian  system  exists,  and  that  Dr.  Emmons  fixed  upon  three  if 
Dot  four  of  its  members.  Such  ore  the  facte.  Geologists  will 
differ  as  to  the  question  whether  such  a  degree  of  saooess  entitles 
Dr.  Emmons  to  a  recognitioD  of  the  name  proposed  by  him  for  the 
real  system  whose  existence  he  mentally  apprehended  so  well,  but 
whose  form  he  defined  so  imperfectly. 

It  is  intended  to  pursae  the  later  history  of  opinion  oonoeming 
the  Taconio  system,  as,  with  the  progreeeof  science,  the  question 
became  more  and  more  palfeontological;  and  if  not  yet  regarded 
as  settled,  the  discussion  is  proceeding  mainly  on  palieontological 
grounds.  The  principal  papers  published  in  the  controversy,  since 
the  close  of  the  era  of  the  founder — about  1860,  will,  unless  pre- 
viously quoted,  be  found  cited  in  the  subjoined  note. 

T860.    Barrande,  Joachim. 

On  the  Prlniord[ftl  Fauna  and  the  Taconlc  syBtem.  with  Not«a  by  Jules  Maroon. 
Ptoc.  Bot.  Soc.  Kal.  HM.,  Vol.  VII.  pp.  38^83. 
[8el.    Barrande,  J. 

Documens  anciens  et  noureaux  aur.lafaune  primordial  etleaystbme  Taconlque 
enAm6rlt|ue.    Paris,  1861. 
I«l.    Hunt.  T.  8. 

On  the  Taconio  aystem  of  Emmons.    Amor.  Jimr.  Sel.  11.  xxxil.  427-«0. 

isei.   Hunt.  T.  a. 

On  some  Folnla  in  American  Oeolosy.    Atner.  Jour.  Sd.  II,  ixxl.  pp.  ma-4U. 
'.fei.    Marcou,  Jules. 

The  Taconic  and   Lower  Silurian  Rockaof  VennoDt  and  Canada.    Proc.  Bot 
Soc.  Nat.  Hirt.,  Vol,  vtiL,  pp.  230-253. 
1802.    Harcou,  Jules 

Llste  addltlonelle  des  (osallea  du  («rraln  Taimnlque  de  I'Aiugrlque  du  Nord. 
BuU,  Soc.gfiubni.iteF'rance.  vol.  xl\  p. 7W  Paris. 
18S3.    Harcou,  Jules 

Letter  to  Hr.  Joachim  Barrande  on  the  Tacoalc  Rocks  of  Vermont  and  Canada, 
Aug.  IMS,  pp.  1-15.  Cambridge,  Mass. 
ISS3.    Blgsby.  J.  J. 

Od  the  Cambrian  and  Uuronlan  Formations.    Qiku-.  ,ruur.  Gcol.  Soc.,  34-S2,  Feb. 
laea. 
18M.    Harcou,  JuleH 

Notice  sur  le-i  gUements  des  lontllles  trllobttlMres tacoalQUSMde  le  t^>l  nteUvls 
au  Canada,    Bull  Soc.g6ot.ile  Franet,  vol.  xzl.  pp.  23S-350  (Paris.) 
1885.     Logan,  W.  E. 
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On  the  Ceoloity  ol  GHBteni  New  York  [Tour  with  Jaini 
,  «nfidO«rf.  .  Bepublbhed.  ^mer.  Jour.  Set.,  II,  : 
]Mtt,    Perry,  J.  B. 

A  point  in  the  Gi-ology  or  W^Htprn  Vermont.    Ama-.Jour.  Set  II.  xlvll,  MI-3Je 
[Important] . 
Bra  I  nerd  and  Smly. 

The  Marble  Border  of  Western  New  England.    Jffddtebiirv  HOUnietd   Soetela, 
Vol.  i,  Pt.  II.  IBSa. 
Jnllen.  A.  A. 

On  geoluK7  Ht  Great  Barrtiigton.  Musk.  Trant.  H.  Y.  Acad.  Set.  I88T. 
18T3.    Dana,  James  n. 

On  the  Quartzlte.  Limestone  and  asHoclated  Bocks  of  tlieVlclnlt;  of  Ore&t  Bar- 
rldgton.  Berkshire  county.  Mans.     .    Amtr.  Jour.Sci.,  HI,  It.  pp.  aE-K7; 
U0-IS3;  V.  pp.  4T-IU;  84-Dl;  vi,  pp.  an-278. 
IHTT.    Dana,  Jattien  D. 

An  Account  of  the  Discoveries  In  Vermont  Geolony  of  the  Bev.  Augustua  Wing. 
Amtr.  Jour.  Set.  Ill,  ill.  pp.  3S-3fl;  40^-tm  xlv,  pp.  B6-T. 
1B7T.     Dana.  James  D. 

On  the  Bolatlons  of  the  Geology  of  Vermont  to  that  ol  Berkshire.    Amcr.  Joht. 
Sri.  III.,  xlv,  pp.  37-4S1 I3Z-140:  SS-SOT;  2in-3U. 
1RT8.    Prime.  Frederick.  Jr. 

On  the  Discovery  ot  Lower  Silurian  Fosslli  in  Limestone  associated  with  Hydro- 
mica  91ateSi  and  on  other  Points  In  the  Geology  ot  Lehigh  and  Northampton 
counties,  Penn.     .    Anur.  Jour.  Sd.  Ill,  xv,  X1-2M. 
IRTS.    Dale.  T.  Nelson.  Jr. 

On  the  Ageof  theClay'slateaiidGritsof  Poughkeepsle.    Amtr.  Jotw.  Sd.  Ill, 
xvll.  5T-aO. 
una,    Dana.J.D. 

Od  the  Hudson  Rlrer  Age  ot  the  Taconlc  Bchlsts.  and  on  the  dependent  BeU' 
tlonH  ot  the  Dutchess  county  and  Western  Conn.    Limestone  Belts.    Amer. 
Jour.  Set.  Ill,  xvll,  Z!^-S^;  xvlli,  «•«. 
IBTO.     Dwlgbt.W.R. 

On  some  Kecent  Explorations  In  the  Wapplnger  Valley  Limestone  ot  Dutchess 
county.  N..V..  Amer.  Joar.  Sel.  Ill,  ivll,  38B-3G8. 
I8T9.    Whitfield.  B.  P. 

Discovery  of  Specimens  ot  Maelurta  movna  at  the  Chazy,  In  the  Bamegat  Lime- 
stone near  Newhurgh,  N.  Y..  AnKr.  Jour.  Sel,  III,  iTlM.fflT. 
IBM).    Lesley,  J.  P. 

A  Hudson  BlverFos.sll  Plant  In  the  BooQog  Slate  thai,  Is  ossoolated  wlthchlor- 
Ite  Slate  and  Metamurpblo  Limestone.  In  Maryland,  adjoining  York  and 
LancaalcrcountlcH.Pa..  Proe.  Amur.  PtiUomph,   Soe.,  xvlll,  tea:   Amtr. 
Jour.  Sci.  HI,  xls,  Ti-a, 
1B80.    Ford,  8.  W. 

Noteon  theTr11oblt«.  .JIopstrflltKOfu*  ot  Emmons  [Holding  It  distinct].    .>lni<r. 
Joiir.  Set.,  in.  xlx,  ISS-i>. 
1880.    Dana.  J.  D. 

List  ot  Papers  on  the  Tsoonlc  System  [us  at  first  defined  by  Emmons]  (with 
statements  ot  points].    Amtr.  Jour.  Sd..  Ill,  xU,  153-154. 

1880.  Ford.  S.  W. ' 

On  the  Western  Limits  of  the  T aeon ic  System,    .^nur.  Jour.  Set,  III.  xlx,!a&-!SS. 

1881.  Wlnchell,  N.  II. 

The  Potsdam  Sandstone.    [Dlsoussea  Taoonlc].    vaWi  Ann.  Btp.  Minn,  pp- 130- 
130, 
1881.    Dana,  J.  D. 

Geological  Belatlon  ot  the  Limestone  Belts  of  Westchester  County,  N.  Y.,  Anur. 
Jour.  Set..  Ill,  xxlL  3I3-315-3Z7-33S. 
1881.    Marcou,  J. 

Taooulc  Books  o(  the  Border  ot  Lake  Champlaln.    BuU.  8oc.  o4ol.  Fratux,  Nov.. 
1880.    Noticed  Amer.  Jour.  Sd.,  Ill,  xxll,  321-2. 
18RS.    Dana,  J.  D. 
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1883.    S«lw;n.  A.  B.  C. 

Notes  on  the  Geology  of  the  Sautheastem  Portion  of  the  Province  o(  Quebec. 
Can.  Bep.  tor  1880-1-2,  A.  pp.  B-T, 

1883.  Walcott,  0.  D. 

The  CambrlaD  Srsi«m  In  Uie  Uolted  StaMa  and  Oiuiada,  Bull.  PhUmoplt.  Soc., 
Washington,  vol.  vl.  pp.  98-102. 
18S1.    Walcott.  C.  D. 

On  the  Cambrian  Fauna  of  North  America.   BuH,  V.  S.  Oml.  Sum.,  No.  10,  pp. 
B5  and  nine  places. 

1884.  WlDObell,  N.  H. 

[Incidental  discussion  of  Taconlc  In]  The  Cryatalllne  Eocksof  the  Northwest. 
Proo.  Anuir.  Aooe..  1884,  pp.  a«J-3re. 
1884.    Ford.  B.W. 

On  the  Age  of  the  Glazed  and  Contorted  Slaty  Rocks  In  Che  vicinity  of  Scbodack 
Landing,    .^mer.  Jour.  Scl.,  III.  ixvUl,  aia-2a8.    Erratum,  p.  312. 
1894.    Dana,  J.  D. 

On  the  litouth ward  Ending  of  a  Qreat  Synclinal  In  the  Taconlc  Bange.     (Bead 
before  the  British  Association).    Amer.  Jour.  Sci.  Ill,  xxvm,  288-275. 
1BS4.    Hall,  James. 

OutheHudson  River  Ageof  the  Tacoalo  Slates.    [Notice  of  by  Dana],    Amer, 
Jour.  Scl..  Ill,  xivlll,  8U-ai2. 
18EB.    Marcou.  Jules. 

The  "Taconlc  system,"  and  Its  Position  In  Stratlgraphlc  Oenlogy.   Proc.  Amer. 
Acad,  of  Arte  and  Sclenea.  Vol.  ill,  174-255.  [With  blULlograph leal  statements 
and  letters  from  Emmons  and  Burrande.] 
18BS-7.    Dana.  J.  D. 

On  Taconlc  Rocks  and  atratlgraphy,   with  a  Qeologlcal  map  of  the  Taconio 
region.  Amer.  Jour.  Set.  Ill,  xxlx,  205-233:  437-443;  xxxlll,  27D-37S!  3IM-(12. 
JSae,    Dana,  J.  D. 

On  Lower  Silurian  FoasUa  from  a  Limestone  of  the  orlglEal  Taoonlcof  Emmons. 
[Amer.  Assoc.,  1885],  Amer.  Jour.  SH.  III.  xxxl.  241-248. 
1886.    Ford.  S .  W.  and  W.  B.  Dtrlght. 

Preliminary  report  upon  Fossils  obtained  In  18BS,  from  metamorphlo  limestones, 
of  the  Taconlc  series  of  Emmuus,  at  Canaan.  N.  Y..  Amer.  Jour.  Sel.  ill, 
xxx],  248-25fi,  with  plat«  vU. 
IBSfl.    Dana.  J,  D, 

The  History  of  Taconlc  Investigation  previous  to  the  work  of  Profeasor  Emmons. 
(Address,  Berkshire  Historical  SOC.,  Feb.  1885.)    Amer.  Joar.   Sci.    HI,   xxxl 
300-401. 
ISae.    Walcott,  O.  D. 

Classification  of  the  Cambrian  system  of  North  America  (Read  l>etore  National 
Aoademy  of  Science,  Washington,  Apr.  23,  I88<U  Anur.  Jour.   SU.    III.   xxill, 
138-1S7. 
1886.    Walcott,  C.  D. 

Second  Contribution  to  the  Caml 
with  33  plates.    Bull.    Nu.  30. 

1886.  Hunt,  T.  S. 

Mineral  Physiology  and  Physiography  [Taconlan  (Taoonlc)    considered  eilen- 
Blvely  In  many  parts  of  the  ■voi\i.    9ee  Index.] 

1887.  Wlncbell,  N.  H. 

Notes  on  Clttsslflcatlon  and  Nomenclature  for  the  American  Committee  Of  the 
International  Qeologlcal  Oongresa.     American  SaluraUtl,  Uaroh,  1887,  p 
ee».Too. 

1887.    Hant,T.S. 

The  Taconlc  Question  Restated.    Amer.  Satur(AitL  xxl.  114-123;  23»-2S0i  S12-320. 
1887.     Dwlght.  W.  B. 

Palteontotogtcal  Observations  on  the  Taconlc  Limestone  of  Canaan,  Oolnm- 
blacouoty.N.  ¥.    (Amer.  Assoc.  Aug.,  1886,)  .^nxr.  iVatunKM,  1887.  p.  SIO. 
1887.    Walcott,  O.  D. 

Geologic  Age  of  the  Lowest  Formations  of  Emmons'  Taconlc  Bystem.    Bead  be- 
fore PbUoSophlcal  Soc.    Washington,  Jan.  15,  iSg7.     Abstract,  .^mer.  Jour. 
Set,  III,  xxxlll,  U3-4. 
18S7.    Dana,  J.  D. 
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Walcott,  CD. 
Fauna  of  the  "Cpper  Taconlc"  of  Eoimans,  In  Waafalugton  county.  N.  V.,  Amrr. 
Jour.  Sri.,  in,  iiilv.  I81-I0S. 

Ing.  K,  D.  • 

Ih  there  a  Huronlan  Group?   Amer.  Jour.  Set.,  III.  ixxlr,  ax-aiS;  31A-S83 1  Wfr- 
374. 
Bonney,  T.  Q. 
Soteson  the  p&Ft  ol  the  Huronian  Series,   [n   the  neighborhood  ot  Sudburr 
Canada.    Qiuir.  Jour.  Oral.  Sne.  London.  Feb.  1888.  pp.  33-35. 
Marcou.  Jules, 
American  Geological  Classlfioatlon  and  Nomenclature,  pp,  75  CaDibrldge. 


Iteport  on  llieGeology  of  Vermont."     Froe.  Auton  Sac. 
1.83-89. 

the  Report  upon  the  Geology  of  Vermont.    Prot. 
xlv.  a2-37. 

QaUDgftt,  1. 183-172. 


On  some  Dales  of  tli 

NaLHUt..vol.  x 

Hitchcock.  C.H. 

Date  o(  the  PubHoatioi 

BmtOHSot,.  JVn(.  Hit 

<88.    Wlnchell,  N.U. 

Some  Objections  to  tbe  Term  Taconio  Considered. 

WlnohelLN.  H. 

Note  In  Reply  to  Walcott.    Amer.  aeolngM.  I,  SSO-SSi. 

Miller.  S.  A. 
The  Taconlc  Syittein  aa  established  by  Emmons,  and  the  Laws  of  Nomenclature 

applicable  to  tbe  Subject.    Amer.  Geol.  1. 23.'i-SU. 
-      WInchell.  Alexander. 

The  Tacoulc  Question.    Amer.  Otoioffl»t,  1,  ^T-363,  June. 
m.    Marcou.  Jules. 
Palrooiitologlc  and  Stratlgraphlc  "PrlnclpleB"  of  the  Adversaries  of  the  Tacon- 
lc.   .Jffl«rO<o(0(rl<rl,  11, 10-23;  67-88,  July  and  Aug. 

Hnronlan.  Taconio  and  Quebec.    Amer.  OeoloaiM,  11.  Sl-fiS,  1^. 
WInchell.  N.  H. 

[Use  at  the  term  Taconlc.  In  Report  to  International  Committee]  Amer.  Qmio- 
lltel,!  1.208-211. 
Walcott.  C    " 


n  the  Taconlc  Syatom  of  Emmons  [Complied  as  auexnresslon  of  opinion)^. 

...  ■',215-219,  with  Note  by  N.  IT  WInchell.  2&-2W 
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DOCOLASS  HOOOHTON. 


1S31.  Dr.  Hoaghton's  earliest  record  ia  respect  to  the  rooke  of 
Michigan  ia  fouDd  in  his  report  to  the  Secretary  of  War 
as  Botanist  of  Sohoolcraft's  Expedition.*  Speaking  of  the  copper 
of  lake  Superior,  he  says:  "After  having  duly  cotaidered  the 
facts  vhioh  are  here  presented,  I  woald  not  hesitate  to  offer  as  an 
opinion  that  the  trap  rock  formation  was  the  original  sonroe  of  the 
masBes  of  copper  which  have  been  observed  in  the  country  border- 
ing on  Lake  Superior ;  and  that  at  the  present  day,  examinations 
for  the  ores  of  copper  conld  not  be  made  in  that  country  with 
hopes  of  snocesa,  except  in  the  trap  rook  itself  ;  which  rock  is  not 
certainly  known  to  exist  in  any  place  upon  lake  Superior  other  than 
Kewena  point"  This  opinion  on  the  source  of  the  native  copper 
be  bad  subsequently  abundant  opportunity  to  confirm,  though  op- 
posed by  much  scientific  incredulity. 

1840.  In  bis  Third  Annual  Beport  on  the  geology  of  Michigan^ 
dated  February  3,  1840,  summarizing  observations  of  1839,  Dr- 
Houghton  treats  of  the  "Upper  Peninsula."  Under  the  bead  of 
"  Qeneral  Gteology  of  the  South  and  Southeasterly  Part  of  the  Up- 
per Peninsula,"  f  after  describing  the  distribution  of  the  "  Primary 
rooks  "  in  Michigan,  he  saye  :  "  The  immense  Primary  region  of 
-which  the  line  described  may  be  considered  as  it  were,  a  single 
point,  stretohes  nearly  continuously,  many  hundred  miles  north- 
westerly, skirting  a  portion  of  the  shores  of  lake  Superior,  and  in 
conjunction  with  the  trap  rocks,  constituting  the  highlands  between 
that  lake  and  lake  of  the  Woods.  From  these  highlands  it  stretohes 
s  little  east  of  lake  Winnipeg,  far  to  the  northwest,  finally  consti- 
tuting the  immense  "  barren  grounds  "  of  the  British  Fosseesions. 
It  ie  also  veil  known  that  this  range  of  primary  rocks  stretohee  in 
an  easterly  direction  through  the  interior  of  the  upper  province  of 
Canada"  (p.  11). 

This  is  the  earliest  general  location  of  the  eastern  nucleus  of  the 
continent. 

isaa.    Harcau,  J. 

The  Lover  and  Middle  Toconlo  ot  Europe  and  North  Amerlcn.    Amer.  Oeolo- 
irirt,  T.  3ST-375;  vl.  TS-loa,  22^!S3. 
1800.    Wlncbell,  N.  H.  and  H.  V.  Wlncbell. 

The  Taconio  Ofbs  of  Minnesota  and  Weatem  New  England.    Bead  before  the 
Geological  Society  of  America,  Aug.  19.    Amer.  Oeol.  Nov,  1S90. 
laeO.    Wlncbell,  N.  H. 

What  Constitutes  the  Taoonic  Mountains?    Read  before  Seo.   E.  Amer.  Assoc. 
Adv.  Scl..  AUR.  22. 1800.      Amer.  Geot.,  vl,  24T. 
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Some  farther  bat  diBCoDcected  qaotatioos  will  be  iotroduced. 

"  On  the  mainland  at  theae  '  narrows '  [the  place  where  the  tmr- 
rent  of  8te.  Marie's  river  meets  the  slack- water  of  lake  Hnron] 
and  extending  for  several  miles,  the  kooba  are  composed  of  com- 
pact (iireenetone,  occasionally  partaking  of  a  sab-slaty  character, 
and  onder  which  circnmatances,  the  rock  bears  a  close  analogy  to 
some  of  the  Tarieties  of  primary  argillite." 

"  On  the  northern  part  of  the  island  of  Bt  Joseph,  a  fraction  of 
the  soatbeastern  part  of  Sngar  island,  and  a  portion  of  the 
main  land  on  the  east,  the  place  of  the  hornblende  rock  is  supplied 
by  granular  qnartz  rock,  osnatly  white,  bat  sometimes  passing  to  a 
reddish  or  deep  red  color." 

"In  the  range  of  hills  bounding  the  easterly  side  of  •Great  Lake 
Qeorge,  talcose  slate  was  observed,  but  to  what  extent  it  exists  I  am 
unable  to  say"  (p.  13).* 

It  appears  that  Dr.  Houghton's  conception  of  "Primary  rocks" 
was  rather  broad.  The  granular  qaartz  rock  mentioned  is  now 
known  to  be  a  westward  extensioii  of  the  "Haronian"  qaartzites 
of  the  Thessalon  valley  in  Canada.  The  "  taloose  elate "  on  the 
other  hand,  probably  belongs  to  the  Marquette  iron-bearing  series 
which  by  the  present  writer  has  been  suggested  to  be  an  older  sys- 
tem than  the  Haronian.  It  ia  worthy  of  note  aho,  that  Dr.  Hongh- 
ton  reports  the  "  Lake  Superior  sandstone  "  as  resting  "  against  and 
upon  the  Primary  range  of  the  Ste.  Marie's  river."  That  is,  at  one 
point  the  "talcose  slates"  (Marquette  series)  rest  in  contact  with 
the  gneisses  ;  at  another,  the  overlying  qaartzyte  (Haronian)  ex- 
tends over  to  the  gneiss  ;  and  at  another,  the  still  higher  sandatone 
(Palseozoic)  reaches  over  to  the  gneiss.  Thus,  it  is  ansafe  to  oon- 
olnde  that  the  formation  resting  on  the  gneiss  at  any  particalar 
spot  is  the  one  historically  next  in  order  of  age. 

1841.  In  hie  Report  for  the  following  year,  f  he  oontinnes  his 
description  of  the  Northern  Peninsula.  His  conception  of  Primary 
rocks  appears  more  restricted,  for  he  says  they  "are  chiefly  granite, 
syenite  and  syenite  granites."  (p.  15.)  After  describing  the  vast 
development  of  "Trap  Bocks,"  be  recognizes  a  group  designated 
"Metam Orphic  Rocks."  "Flanking  the  Primary  rocks  on  the  south," 
he  says,  "is  a  series  of  stratified  rocks  consisting  of  talcose,  mica 

•In  view  of  the  recent  e.Ntenslve  employment  ot  "  field  stones"  In  sMiroe  parts  ot  the 
state,  In  the  walls  at  substantial  stru<;tures.  the  fullowlug  quotation  from  thin  report 
poBBes.ies  Interest:  "In  the  Immediate  vicinity  of  the  siirreyed  line  of  the  Ste. 
Marle'a  canal,  transported  musses  ot  ii:ran[l«,  hornblende,  sienlte  and  quartz  rocks 
abound,  and  Ihcy  may  bo  economically  employed  for  the  oonstructlon  of  the  proposed 
locks,  and  will  make  nn  enduring  structure."  (p.  19>. 

^Senate  Dooument  No.  IB.  1641. 
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and  clay  slates,  slaty  hornblende  rock  and  qaartz  rook;  the  latter 
rock  oonetitating  by  (ar  the  largest  prjpoTtion  of  the  whole  group." 
Thflse  represent  the  groap  of  rockg  in  the  Menominee  region,  which 
Dr.  Emmons  so  eagerly  accepted  as  repreaentatired  of  the  Taooaio 
system  in  Michigan. 

The  following  is  an  interesting  early  notice  of  the  mode  of  oo- 
oarrence  of  serpantine.  "In  traversing  the  coantry  sontheaaterly 
from  Little  Preeqa'  Ue,  the  point  referred  to  as  the  mo6t  south- 
easterly pTolongatioQ  of  the  granite,  this  last  rock  p&sses  almost  in> 
sensibly  into  a  serpentine  rocl<*  which  has  a  regular  jointed 
straotare,  sometimes  approaching  to  stratification;  continaing  in 
the  same  direction,  we  find  a  series  of  hornblende  slates,  talcose, 
mica  and  clay  slates,  resting  against  the  serpentine  rocks;  and  still 
farther  to  the  sontheaat,  the  rock  becomes  almost  uniformly  quartz. 
The  rocks  of  this  group  dip  irregularly  to  the  south  and  southeast, 
while  the  cleavage  of  the  slate  is  very  uniformly  to  the  north," 
(p.  17.) 

A  gradual  passage  from  granite  to  "greenstone"  is  noted  as 
follows:  "As  we  proceed  northwesterly  from  the sontheast  bound- 
ary of  the  Primary,  over  the  several  broken  ranges  of  hilb,  we 
find  the  character  of  the  rooks  in  mass  almost  imperceptibly 
changing.  The  quartz  as  a  mineral  gradually  forms  a  less  import- 
ant part,  and  it  finally  almost  wholly  disappears,  leaving  a  binary 
compound  of  feldspar  an^  hornblende,  which  then  assumes  a 
granular  structure,  constituting  greenstone.  The  intermediate  rock 
between  the  syenite  and  greenstoue  ranges  may  not  inappropriate- 
ly foe  called  a  syenitic  greenstone,"  (p.  23. ) 

The  granitic  rocks  are  intersected  by  dikes  which  can  be  traced 
oontinuonsly  and  with  increasing  abundance,  into  the  greenstone 
masses,  showing  the  granitic  ranges  to  be  the  oldest  {p.  24). 

In  reference  to  amygdaloids  he  says:  "I  am  disposed  to  refer 
the  origin  of  much  of  the  amygdaloid  rook  to  the  fusion  of  the  lower 
portion  of  the  sedimentary  rocks  referred  ta,  for  the  reason 
that  as  we  pass  south  from  the  junction  [receding  from  the  sedi- 
mentary rocks]  the  amygdaloid  rocks  wholly  disappear,  their  places 
being  supplied  by  greenstone;  and  again,  so  intimately  are  they 
blended  that  it  is  frequently  impossible  to  determine  where  the 
amygdaloid  ceases  and  the  upper  sedimentary  rocks  commence. 
Fragments  of  the  sedimentary  rocks,  the  characters  of  which  can  be 
clearly  recognized,  are  not  of  rare  occurrence,  imbedded 
in   the  amygdaloid  rock,  a  circumstance  which,  attbongh   by  no 
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meane  conolnsire,  should  cot  be  overlooked  in  considering  the  Bab> 
}ect"  (pp.  27  and  28). 

Of  the  conglomerate  rock  he  saye:  "It  may  without  doabt  be 
conBideted  as  a  trap  tuff,  which  was  gradually  deposited  or  aooa- 
malated  aroand  the  several  conical  knoba  of  trap  daring  their 
gradaal  elevation"  (p.  33).  It  is  very  variable  in  thickness.  There 
ia  "aoarcely  a  pebble  of  any  other  rock  thftn  trap."  They  aie  ce- 
mented by  "a  mixed  calcareona  and  argillaceous  cement  more  or 
leaa  colored  by  iron,  and  exceedinfjly  firm.  The  conglomerate  is 
"imperfectly  atratified  in  masses  of  immense  thickness,"  in  its 
mazimnm  a  little  east  of  Montreal  river,  estimated  at  5,260  feet, 
(pp.34,  35). 

The  formation  described  aa  "mixed  conglomerate  and  sandrock" 
"is  made  up  of  an  alternating  series  of  conglomerate  and  red  sand- 
stones which  rest  conformably  on  the  conglomerate  rock  last  de- 
scribed" and  "in  striotnesa  ahould  probably  be  considered  as  a 
member  of  the  conglomerate  itself"  (p.  18).  Its  greatest  observed 
tbickuesB  is  4,200  feet.  The  conglomerate  beda  resemble  in  all 
respects  the  underlying  conglomerate,  and  the  intervening  aand- 
stone  beds  are  composed  of  the  same  materials,  bnt  are  sometimes 
ripple  marked,  an  i  were  thna  evidently  deposited  in  shallow  water. 

These  sandstone  beds  are  very  distinct  in  composition  from  the 
"red"  and  "grey"  sandstones  higher  in  the  series"  (pp.  19,  37).* 

It  will  serve  to  convey  an  idea  of  the  extent  of  Dr.  Honghtoa's 
researches  in  the  Upper  Peninsala  to  state  that  the  Exec.,  Doc., 
1849-50,  Part  HI,  contains  (p.  880),  the  following  among  Hoogh- 

•Tlie  "red  Handrock"  uasocluted  with  ■■alialas"  \s  much  more  quartioge  than  the  beds 
Intertralatttd  Willi  Ifaoroiifllumoratc.  It  Httuins  a  maxlniuin  thickness  ut  fUiOa  feet. 
"Ud  the  southeast  side  of  Keweenaw  bar.  near  Itn  hend,  an  argillaceous  rock  appears" 
"evidently  enibraeed  111.  ur  Father  niaf  be  said  to  constltflte  a  member  of.  the  sand- 
fltoneserlaH."  It  iBBometlmeH.  "In  the  form  of  n  slate."  though  usoullf  It  "elosely  re- 
scDibleH  Indurated  clay."  Itranbeeut  with  the  knile.  and  the  Indians  have  lung 
nsed  It  as  a  plpestime,  A  almllar  rock  appeant  at  several  other  points  In  the  Interior. 
These  bIbU's  are  shown  by  lila  notOht  of  IMJj.  to  pans  under  the  sandstone.]  The  "Up- 
per, or  Grey  Sandrock"  1a  no  part  of  the  Luke  Sifperlor  sundatoiie.  White  the  latter 
dips  northeasterly,  thia'dlps  southeasterly,  and  Is  contonnahle  with  the  overlying 
llniestouos.  The  "Orey  Saudruck"  forms  a  reuKe  ot  hills  extending  westward  from  Pt. 
Iroquois  to  the  Pictured  Itoeks.  where  they  abut  upon  the  shore  of  the  lake.  It  Is 
Dr.  Houghton's  opInliiD.  therefore,  that  the  Pictured  Rocks  are  a  higher  formation 
than  the  Red  Sandstone,  generally  eonteniplated  as  the  "Lttke  Superior  Sandstone" 
<10,43,>  The  Lake  Superior  sandstone  Dr.  Houghton  was  nt  first  Inclined  to  paralleUxe 
with  the  "Old  Red  Sandstone"  (Report.  1K18):  but.  In  a  paper  read  before  the  Associa- 
tion of  American  Geologists  In  VMi,  he  assumed  It  as  Identical  with  the  "New  Ked 
Sandstohe"  {Amcr.  Jour.  Sci.,  xlv.  ISO.)  Laler  he  synchronized  It  with  the  Potsdam 
sandstone  ot  New  York,  and  this  view  was  embodied  In  his  nol«sot  \m<  [The  Mineral 
Rtoluniif  lMkcSuptrU>r,l»K.hj  Jaxoh  Houghton.)  The  statement  Is  contained  In  a 
report  by  Bela  tlubbard—puge  118 — oomplled  fniiu  Dr.  Houghton's  notes;)  Also.  Ear 
Ktairt  Duet..  IMCMia.  pt.  III.  p.  83D.  The  same  was  noted  on  the  plats  of  IMl.  See  also 
the  testimony  of  Ftwter  and  Whitney,  Bejuxi  oil  the  OoAnav  of  the  Lalse  Sup.  Load  JNM., 
Pt.  II,  p.  13R.  and  Proe.  Amer.  Annie.  Adr,  Scl.  Hay,  1851.  p.  33. 
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ton's  reenlts:  1.  "A  Geological  Map  of  the  TownBhips  of  the 
Korthem  Peninsula  of  Michigan  subdivided  by  D.  Iloaghton,  D. 
S.  in  the  year  1845."  (This  covers  Keweenaw  Point.)  2.  "Geolo- 
gical Map  of  Township  Lines  in  the  Northern  Peninsala  of  Mich- 
igan, surveyed  by  Wm.  A.  Bnrt,  D.  S.  in  the  year  1845,  for  D.  Hoagh- 
ton,  nnJer  said  Honghton's  contract  for  surveys  with  reference  to 
Mines  and  Minerals"  (The  region  on  Little  Bay  de  Noqaet  and 
along  the  Eacanaba  river  and  to  lake  Superior. )  3.  "Geological 
Map  of  a  District  of  Township  Lines  in  the  Northern  Peninsula  of 
Michigan,  surveyed  by  Wm.  A.  Burt  in  the  year  1846."  (Begion 
between  the  Escanaba  and  Menominee  rivers.)  Also  (p.  896.)  1. 
"Geological  Map  of  a  District  east  and  west  of  the  Ontonagon, 
subdivided  by  Messrs.  Higgius  and  Hubbard  under  a  Contract 
bearing  date  April  23,  1846"  (From  Portage  lake  to  Carp  river.) 
2.  "Geological  Map  of  the  District  subdivided  by  Messrs.  Hub- 
bard and  Ives,  under  Contract  bearing  date  September  7,  1846.'' 
(The  Begion  from  Presqu'ile  toL'Anse.)  These  six  maps  were 
produced  under  the  systeda  of  combined  linear  and  geological  sur- 
veys inaugurated  by  Dr.  Houghton.  Thus  nearly  the  whole  of 
the  Upper  Peninsula  had  been  geologically  mapped  before  the 
signing  of  the  contract  with  Foster  and  Whitney,  and  without  in- 
cluding the  results  of  Dr.  Jackson's  survey.  Mr.  Hubbard  gives 
also,  five  handsomely  drawn  sections  from  lake  Superior,  acroes 
the  country  southward,  besides  five  lithographed  views. 

The  following  is  Dr.  Honghton's  latest  view  of  the  succession  of 
rooks  in  the  Upper  Peninsula  of  Michigan  : 

6.  Upper  or  Gray  Sandstone  (Houghton.  1841,  pp.  19,  41)  not 
conformable  with  next  below. 

5.  Lower  or  Bed  Sandstone  and  Shales  (Houghton,  1841,  pp. 
18,  37).    Identified  with  Potsdam  Sandstone. 

4.  Mixed  Conglomerate  and  sandstone  (Houghton,  1841,  pp. 
18, 35). 

3.    Conglomerate  (Houghton,  1841,  pp.  17,  33). 
r  2.    Metamorphic  rocks  (Houghton,  1841,  pp.  16,  31).  Quartzite, 
Argillite,  Talcose  and  Clay  slates,  Mica  slate. 

1.  Primary  rocks  (Houghton,  1841,  pp.  15, 23).  Granite,  Gneiss, 
Syenite  and  Syenitio  Granite. 

Kambers  6  and  5  are  probably  both  representatives  of  the  New 
York  Potsdam.  Numbers  4  and  3  are  the  Keweenawan  System  of 
Cbanberlin  and  Irving,  and  number  2  occupies  the  place  of  the 
Taconic  system  of  Emmons. 
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EDWAED  HITCHCOCK. 


1833.  In  hia  Fiual  Eeport  oa  the  Qeology  of  Maseaobasetts,* 
Professor  Edward  Hitcboock  enamerateB,  amoog  other8,the  follow- 
ing rocks  or  groups  of  rocks  miaeralogically  considered  :  Gray- 
wacke,  ArgillacdouB  slate,  Limestone,  Scapolite  rock,  Quartz  rook. 
Mica  slate,  Talcose  slate,  Serpeotiae,  Hornblende  slate,  Gneiss  — 
all  which  are  stratified ;  Greenstone,  Porphyry,  Syenite  and  Gran- 
ite —  which  are  nnstratified.  Of  the  Berkshire  limestone,  he 
thinks  a  part  is  "primitive,  in  the  Wernerian  acceptation  of  the 
term,  for  it  is  interstratified  with  gneiss  and  mica  slate"  (p.  297). 
Bat  the  mioa  slate  iu  its  westward  extension  becomes  clay  slate, 
and  the  limestone  less  crystalline.  Passing  into  New  Tork,  the 
limestone  assumes  the  character  of  Dewey's  "  transition  limestone." 

"  But  a  singular  anomaly  in  the  snperposition  of  the  series  of 
rooks  above  described  presents  a  great  diflicalty  in  the  case.  The 
strata  of  these  rocks  almost  uniformly  dip  to  the  east ;  that  is,  the 
newer  rocks  seem  to  cropontbeneath  the  older  ones,  so  that  the  sac- 
charine limestone  associated  with  the  gneiss  in  the  eastern  part  of 
the  range  seems  to  occupy  the  uppermost  place  in  the  series.  Now, 
as  superposition  is  of  more  value  in  determining  the  relative  ages 
of  rocks  than  mineral  characters,  must  we  not  conclude  that  the 
rooks  as  we  go  westerly  from  Hoosac  monntain,  do  in  foot,  belong 
to  older  groups  P  The  petrifactions  which  some  of  them  contain, 
and  their  decidedly  fragmentary  [fragmental]  character  will  not 
allow  such  a  supposition  to  be  indulged  in  for  a  moment  It  is 
impossible  for  a  geologist  to  mistake  the  evidence  which  he  sees  at 
almost  every  step,  that  he  is  passing  from  older  formations,  just  as 
soon  as  he  begins  to  cross  the  valley  of  Berkshire  towards  the 
west  We  are  driven  then,  to  the  alternative  of  supposing  either 
that  there  must  be  a  deception  in  the  apparent  outcrop  of  the  newer 
rooks  from  beneath  the  older,  or  that  the  whole  series  of  strata  has 
been  actually  thrown  over,  so  as  to  bring  the  newest  rocks  at  the 
bottom.  The  latter  supposition  is  so  improbable  that  I  cannot  at 
present  adn\it  it"  (pp.  297-298).  He  then  supposes  two  uncon- 
formities to  have  been  produced  —  one  at  the  west  base  of  Hoosao 
mountain  between  the  gneiss  and  the  quartz  rook,  and  the  other 
farther  west,  in  the  valley  of  Berkshire.  He  names  some  difficul- 
ties involved  in  the  acceptance  of  such  on  explanation,  but  feels 
compelled  to  adopt  it  provisionally.  Moreover,  he  says,  "I  am 
sustained  in  this  opinion  by  that  of  Dr.  Emmons  of  Williams  Col- 
lege, whose  RcatenesB  of  observation  and  accuracy  of  disorimina- 
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tion  Id  tbe  various  departments  of  Dstural  history  are  well  kuowD" 
(p.  300. 

Profesaor  Hitobcock  freqaeDtly  toaohes  on  gaestions  of  meta- 
morphiam.  In  his  "Theoretical  Considerations"  on  mica  slatei 
after  explaining  the  strict  Wernerian  view  of  the  agueons  origin 
of  all  the  primary  rocks,  and  pointing  out  the  improbability  that 
8o  many  different  substances  should  cjystallize  out  simultaneously 
from  the  same  solution,  be  eays: 

"I  am  inclined  therefore,  to  the  theory  which  supposes  that  they 
were  originally  mechanically  deposited  from  water,  like  the  exist- 
ing secondary  and  tertiary  rooks,  and  that  they  have  subsequently 
been  subjected  to  such  a,  degree  of  heat  as  enabled  their  materials 
to  enter  into  a  crystalline  arrangement,  without  destroying  their 
structure"  (p.  350). 

In  reference  to  serpentine,  professor  Hitchcock  advances  some 
suggestions  which  were  singularly  in  advance  of  his  time.  He 
speaks  of  prevailing  divergences  of  opinion  as  to  its  nature  and 
origin,  and  decides  to  describe  it  in  connection  with  stratified 
rocks,  though  he  finds  it  occurring  unstratified  as  well  oa  stratified. 
He  mentions  tbe  various  circumstances  of  its  occurrence  and  adds: 

"In  all  cases  (except  perhaps  that  at  Newport)  our  serpentines 
are  associated  with  talc,  either  pure  and  foliated,  or  as  steatite,  or 
chlorite  slate,  or  talc  and  quartz.  The  two  minerals  (talc  and  ser- 
pentine) are  intimately  blended  together,  and  pass  into  one  anoth- 
er by  insensible  gradations,  and  in  ull  the  oases  described  by  the 
writers  above  referred  to,  talc  was  present.  Is  it  not  natural  then, 
to  suspect  that  serpentine  is  talc,  or  talc  serpentine,  altered  by 
heat?  And  since  the  talc  is  schistose,  and  the  serpentine 
massive,  the  latter  must  have  been  produced  from  the  former.  .  . 
It  may  be  found  that  serpentine  has  been  produced  from  various 
rocks  which  contained  the  necessary  ingredients.  But  that  heat 
has  been  employed  in  its  production,  cannot,  it  seems  to  me,  be 
reasonably  doubted"  (pp.  372,  373). 

In  some  "theoretical  considerations"  concerning  gneiss,  he  says: 

"SiT>ce  gneiss  is  composed  of  the  same  simple  minerals  as  gran- 
ite, it  is  natural  to  infer  that  both  must  have  had  a  simitar  origin. 
And  especially  are  we  led  to  such  a  conclusion,  when  we  see  in 
granitic  gneiss  a  gradual  passage  from  the  one  rock  to  the  other. 
That  granite  has  resulted  from  heat  instead  of  aqueous  deposition 
seems  to  me  to  be  so  well  established  that  the  opinion  that  imputes 
to  it  such  an  origin  ought  no  longer  to  be  regarded  as  hypothesis, 
but  as  legitimate  theory.  .  .  At  present  I  shall  assume  that 
theory  to  be  the  correct  one  which  supposes  granite  to  have  result- 
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ed  from  the  melting  down  of  other  rockB;  the  fused  mass  having 
oooled  BO  bIowI;  as  to  present  a  oonfosed  orystallization.  It  is  at 
least,  a  probable  eappOBitioD,  that  the  rook  out  of  which  it  was 
produced  was  of  tn^cbanioal  origin,  and  aoDseqaeatly  stratified. 
Now,  if  the  central  heat  was  not  aufficient  entirely  to  melt  thia 
strati&ed  roL;k,  yet  it  would  be  powerfnlly  affected  a  considerable 
distance  upward  from  the  molten  mass.  The  first  in  immediate 
contact  with  the  melted  portion  would  be  partially  fused,  and  hence 
give  origin  to  granitic  gneiss.  Another  portion  might  be  convert- 
ed into  porphyritic  gneiss;  another,  into  lamellar;  another 
into  schistose,  etc  AH  the  rock,  we  may  suppose  so  near 
the  dnid  granite,  and  so  long  in  contact  with  it,  before  cooling, 
that  crystalline  would  succeed  to  a  mechanical  arrangement  of  all 
its  ingredients,  without  losing  the  stratified  disposition  (p.  400). 

In  discuBsiag  the  history  of  granite,  professor  Hitchcock  states 
that  he  infers  its  igneous  origin  "from  the  inclined  position  of  the 
older  stratified  rocks;  from  the  manner  in  which  it  is  intruded 
among  the  stratified  rocks;  from  the  mechanical  effects  which  it 
appears  to  have  exerted  upon  the  stratified  rocks  in  its  immediate 
vicinity;  from  its  chemical  effects  upon  the  surrounding  strata,  and 
from  its  crystalline  structure,  and  thd  numerous  crystallizations  of 
other  substances  that  have  taken  place  in  it"  (pp.  509-515). 

1840-1.  The  inversion  of  the  strata  of  the  Appalachian  system 
is  referred  to  again  in  his  Elementary  Geology.*  Speaking  of 
overturned  strata  in  the  Alps,  he  says: 

"I  have  no  small  reason  to  believe  that  a  similar  folding  and 
overturning  of  the  strata  have  taken  place  on  a  vast  scale  in  the 
United  States.  Along  the  western  part  of  the  Green  and  Hoosao 
mountains  in  New  England,  oocar  interstratified  beds  of  gneiss, 
mica  elate,  talcose  slate,  clay  slate,  Hmestooe  and  older  Silurian 
rocks  which  are  either  perpendicular  or  have  a  high  easterly  dip;  and 
yet  the  oldest  members  of  the  series  are  found  along  the  eastern  side 
of  this  belt,and  the  strata  become  newer  and  newer  as  we  go  westerly ; 
that  is,  the  oldest  rocks  lie  apparently  over  the  newer  onea.  These 
appearances  present  themselves  nearly  the  whole  distance  from  Cod- 
ueoticutriver  to  Hudson  river — a  breadth  of  nearly  fifty  miles."  He 
then  describes  the  folding,  overturn  and  denudation  which  would  re- 
sult in  the  present  structure  and  surface  aspects.  "It  appears  further, 
from  the  Geological  Beports  of  Professors  Mather  on  New  York, 
Henry  D.  Sogers  on  Now  Jersey  and  Fennsyl  vania,  William  B. 
Rogers  on  Yirginia,  and  Troost  on  Tennessee,  that  these  ssme 
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Tocke  with  similar  inTflrsioD  of  their  dip,  oocor  id  all  those  states, 
formiDg  a  considerable  part  of  the  Appalachian  moontains;  and 
that  in  fact,  they  extend  almost  nninterrnptedly  from  Canada  to 
Alabama — a  distance  of  nearly  1200  miles;  and  if  the  above  theory 
of  the  folding  and  inversion  of  this  belt  of  rocks  be  correct  in  the 
latitude  of  Massachneetts,  it  is  without  doubt,  true  over  this  vast 
extent  of  country."* 

The  snbjeot  oE  inverted  arrangement  of  the  Appalachian  strata 
was  under  careful  consideration  at  this  time,  by  the  brothers 
Bogers,  as  well  as  by  Dr.  Hitchcock.  The  earliest  enunciation  of 
the  conception  of  an  inverted  fold  had  been  made  by  Dr.  Hitch- 
cock in  1833.  His  conception  however,  was  not  identical  with  that 
of  the  breathers  Rogers.  Hespoka  only  of  a  single  anticlinal,  while 
the  Rogers  brothers  saw  a  saooession  of  anticlinals  all  tilted  west- 
ward across  the  main  mass  of  the  Appalachians.  In  an  address 
delivered  in  1841,  be  said:t 

"  There  is  no  small  reason  to  believe,  indeed,  that  on  the  western 
side  of  the  continent,  from  Cape  Horn,  to  the  northern  Arctic 
Ocean,  one  vast  anticlinal  axis  exists,  along  the  crest  of  the 
Andes  and  the  Rooky  mountains.  Subordinate  and  perhaps  inter- 
secting systems  of  strata  will  nndoubtedly  be  found  along  the  ex- 
tended line,  bat  this  appears  to  be  the  grand  controlling,  and 
probably  the  most  recant,  uplift  of  the  continent.  .  .  .  The 
Appalachian  range  of  mountains  forms  another  anticlinal  ridge, 
extending  northeasterly  through  New  England,  and  not  improba- 
bly to  Labrador  "  (pp.  264-265). 

In  the  Elementary  Geology  before  quoted.  Dr.  Hitchcook  ampli- 
fies his  defense  of  the  metamnrphio  theory  then  recently  intro< 
duced  into  geology  by  Alexander  Brongniart.  The  main  points 
stated  are  briefly  these :  1.  It  shows  why,  amid  so  much  evidence 
of  chemical  agency  in  the  formation  of  the  primury  rooks,  there 
is  still  so  much  proof  of  tb'e  operation  of  mechanical  agencies.  2. 
It  shows  why  silicates  predominated  in  the  earlier  periods  of  the 
Klobe,  end  why  limestone  and  carbon  were  more  abnndant  at  the 
later  periods.  3.  It  explains  the  absence  of  organic  remains  in 
the  primary  stratified  rocks.  4.  It  explains,  too,  the  reason  why 
carbon  is  mach  less  abundant  in  the  older  than  in  the  newer  rocks. 
6.  It  explains  the  imperceptible  graduation  of  gneiss  into 
granite"  (pp.  259-61). 

'Elenteatary  Otalogu,  pp.  36, 37.  The  subjeot  la  also  taken  up  In  hla  AnnlrerBar;  Ad- 
dress (elted  below,)  p.  3SS. 

tFlTSl  Anolversarf  Address  Betoretbe  Assoolatlon  ot  AmBrlcan  Geologists  at  their 
Second  Annual  Meeting  la  Phlludelphlo,  April  5,  IBU.   ^mer.  Jour.  SeL,  vol.  ill.  pp. 
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In  the  AnniTfirBary  Address  from  which  I  have  quoted,  Dr. 
Hitchcock  ooneiders  briefly  the  origiD  of  dolomytes ": 

"Ab  to  that  portion  of  this  field  [of  dolomite  and  dolomitic 
limeetouea]  which  has  fallen  ander  my  obserTation,  I  £ad  that  with 
one  or  two  nnimportaiit  excsptions,  all  the  cases  of  dolomitized 
limestone  oocnr  either  in  the  vicinity  of  a  fault  or  of  nnatratified 
rocks,  or  of  the  oldest  gneiss.  The  pure  dolomite  is  usnally  foand 
where  there  is  reason  to  believe  extensive  dislocations  of  the  strata 
occur ;  and  the  marks  of  stratification  in  the  limestone  disappear 
nearly  in  proportion  to  the  amount  of  magnesia  which  it  contains, 
so  that  the  pore  dolomite  shows  scarcely  any  traces  of  it.  I  doubt 
not  that  similar  conclusions  will  follow  an  examinatioa  of  other 
parts  of  this  deposit,  so  remarkably  ttniform  in  the  geology  of  this 
continent ;  —  and  moreover,  these  conclasions  correspond  to  the 
history  of  dolomitization  in  Earope.  They  seem  to  render  prob  a- 
ble  the  theory  of  sublimation  from  the  interior  of  the  earth."* 

1859.  In  the  Final  Beport  of  the  GeotoRy  of  Vermont,t  Dr. 
Hitchcock,  who  assumed  the  responsibility,  as  he  tells  us,  though 
most  of  the  field  work  was  done  by  others,  takes  up  early  in  the  re- 
port, thesabjectof  "The  Metamorphism  of  Bocks"  (p.  22).  In  the 
following  language  he  sets  forth  his  general  conception  of  the 
modus  operandi  of  hypogeal  metamorphism. 

"  If  the  globe  was  once  in  a  molten  state,  the  cruet  which  first 
formed  over  its  surface  must  have  been  some  kind  of  nnstratified 
rook.  When  it  became  coal  enough  to  allow  water  to  oondense  on 
the  surface  and  form  oceans,  the  waves  would  wear  away  portions 
of  the  rock,  and  deposit  the  fragments  in  the  form  of  gravel,  sand 
and  clays.  These  by  the  action  of  internal  heat  might  be  hard- 
ened, and  beoome  conglomerates,  sandstones  and  shales.  If  new 
beds  of  materials  should  be  thrown  upon  these  strata  it  would  cauee 
the  internal  heat  to  penetrate  further  upward  into  the  conglomer- 
ates, sandstones  and  shales,  and,  by  tlLe  help  of  water,  render  the 
rocks  plastic  and  convert  them  from  mechanical  into  orystalliae 
rocks,  without  destroying  the  planee  of  stratification,  though  gen- 
erally obliterating  all  traces  of  organic  structures  which  they  might 
have  contained,  and  changing  the  laminated  stractare  into  foliation 
and  cleavage.  After  all  this,  water  may  have  acted  meolisnically 
on  these  strata,  wearing  them  away,  and  forming  other  deposits  of 
pnddings tones,  sandstones  and  shales.     Meanwhile  also,  the  inter- 

•Amor.  Jour.  8cl.,  xll.  240, 

tReport  onO\e  OeoUm  of  Trrmont. DacripUve,  TheonHcal,EronomiealandSct!noonitMtaI. 
ByEawardHltchoook.  Edward  Hitchcock,  Jr.,  Alberto.  H&ger,  OhailesH.  Hltchoook. 
SvolB.  *to.  Claremonl,  N.  H.,  lesi.  The  preface  Is  written  by  Dr.  E,  Hllchcoclt,  and 
dated  Oct.  1,  lase,  and  Cot.  2.  iwn. 
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ual  heat  working  farther  apward,  as  it  oertsiDly  woald  by  the  Bcoa> 
molation  of  nev  beds  of  detritus,  might  melt  over  the  lover  beds 
of  the  etrata,  oouverting  them  into  aostratified  rook.  And  thus 
might  the  same  materials  have  been  subject  to  repeated  and  most 
thorough  metamorphosiB"  (p.  22). 

The  writer  then  proceeds  to  an  account  of  the  "agents  of  meta< 
morpliism,"  heat  and  water,  recalling  the  well  known  resolts  of 
experiments  and  reasoning,  and  treats  with  considerable  detail  the 
evidenoeB  of  "a  former  plaatio  ooodition  of  the  rooks".  He  cites 
numerons  observatione,  showing  that  rooks  and  rook-oon- 
stitaents  most  hare  baen  reduoed  to  a  plastic  or  semi-plastio 
condition,  subsequent  to  their  original  consolidation,  and  so 
continued  for  a  great  length  of  time",  In  this  oonneotion  he  cites 
numerous  instances  of  pebbles  which  have  been  elongated  and 
flattened — some  even  at  length  being  "converted  into  the  eilicions 
folia  of  schists,  and  the  cement  into  mica,  talc  and  feldspar".  He 
refers  to  the  pebbles  near  Newport,  Bhode  Island;  others  at  inter- 
vals along  the  western  side  of  the  Green  mountains,  and  especially 
a  locality  in  Plymouth,  Vermont,  where  pebbles  occur  nnder  each 
forms  as  to  indicate  a  state  of  plasticity.  In  Wallingford  the  beds 
of  conglomerate  thus  altered  alternate  with  beds  of  talcose  and 
mica  schist  (pp.  28-38,  476).  Some  of  the  faots  point  toward  the 
inference  that  schists  and  gneisses  even  may  have  originated  from 
the  extreme  flattening  and  elongation  of  the  pebbles  of  an  original 
oonglomerate,  though  as  a  fact,  pebbles  had  not  at  that  date  been 
found  actually  occurring  in  gneiss.  Dr.  Hitchcock  expects  that 
such  views  would  "be  pronounced  preposterous  by  able  geolog^ts*". 
In  a  syenitio  rook,  however,  found  in  Vermont  and  Massachusetts, 
undoubted  pebbles  had  been  observed.  Other  facts  have  been 
noted  by  the  write  r :  See,  Conglomerates  enclosed  in  Gneissio 
Terranes,  Amer.  Geologist.  iiL  153-165;  266-261;  Sixteenik  Ann. 
ifep.,  Minn.  pp.  218-222, 334    He  says: 

"We  define  this  rock  as  a  conglomerate  with  a  cement  of  syenite 
or  granite,  or  as  a  syenite  or  granite  with  pebbles  in  it,  sometimes 
thickly  and  sometimes  sparsely  disseminated".  .  .  .  "These  facts 
certainly  give  great  plausibility  to  the  view  which  supposes  granite 
and  syenite  to  be  often  the  result  of  the  metamorphosis  of  strati- 
fied rooks"  (pp.  40,  41;  ii,  S66,  566.*) 

In  connection  with  the  discussion  of  metamorphiem  the  writer 

■Dr.  Hltchoock'seipectatlon  has  found  tulBllmeut  la  Che  dissent  recorded  by  Dr.  M. 
E.  WadHwortb  BUa.  tfua.  camp.  ZooL,  Oeolog.  Series,  1;  B.  B.  Lymaa,  Proe.  AnMr. 
Aeaoc.  AOii.  Scf ,  ISSe,  p.  S3. 

*See  W,  B.  Kogero'  vlevs  In  opposition  to  those  oS  Hltehcooh  stated  In  Prot.  Bos.  Soe. 
Sat.  BUL 1861  and  Amtr.  Jour.  Set..  II,  xxzl,  UO-142.  Har.  IMl. 
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reminds  as  of  an  infareooe  which  is  too  obvioas  to  have  fallen  into 
snoh  (general  forgetfolaess.    He  Bays: 

"Metamorpbism  shows  as  that  the  earlitet  formed  rooks  on  the 
globe  may  have  all  disappeared.  Kone  of  the  first  formed  ornst 
may  remain.  Or,  if  any  of  it  is  left,  it  wonld  be  impossible  to  dis- 
tingnish  it  from  snbseqoent  formations.  So  that  the  idea  of  a 
primary  gianite  or  any  other  rock,  in  the  strict  sense  of  the  term, 
hoBDo  fonndation  in  nature"  (p.  47.) 

In  close  connection  with  this  snbject,  we  cite  some  passages  from 
another  chapter,  toaohing  the  nature  of  foliation.  Speaking  of  the 
gneissic  rooks  of  Vermont,  he  saya:  "In  certain  districts  the 
strata  are  exceediogly  contorted,  and  the  average  dip  and  strike 
are  the  ones  that  we  recorded.  There  is  not  a  square  mile  of  this 
rook  in  the  State  where  there  are  not  more  or  less  of  these  irregu- 
larities. In  a  few  instances,  the  difficolty  of  ascertaining  the  true 
position  is  so  great  that  we  have  not  attempted  it." 

After  illnstratiDg  a  striking  particular  instance  of  these  contor- 
tions, he  concludes: 

"This  state  of  things  suggests  two  important  topics:  First,  Do 
not  these  contortions  prove  that  the  layers  that  have  suffered  this 
twisting  are  the  strata,  and  not  the  bedding  of  cleavage  or  folia- 
tion ?  For  the  beds  between  oleav^^  planes  are  rarely  contorted. 
The  strata  may  be  contorted  white  the  cleavage  planes  cross  them 
with  perfect  regularity.  In  fact,  the  cleavage  does  not  appear  to 
have  been  prodaoed  until  the  strata  had  been  quietly  settled  into 
their  present  positions,  as  a  general  thing."  The  second  topic  re< 
lates  to  the  effect  of  oontortionr  on  calculation  of  thickness  of  ter- 
ranes*. 

Speaking  of  the  position  of  the  "red  sandrook"  of  northern  Ver- 
mont" regarded  by  Emmons  as  belonging  to  the  age  of  the  Pots- 
dam and  CalciferouB,  Dr.  Hitcboook  says: 

"Without  on  exception,  it  rests  upon  the  Hudson  River  group. 
The  stratigraphical  evidence  goes  to  show  that  the  red  saodrook 
is  of  the  age  of  the  Medina  sandstone  or  Oneida  conglomerate. 
This  was  the  original  view  of  Dr.Emmon8,  and  has  sinoe  been  sus- 
tained by  Professors  C  B.  Adams,  W.  B.  Kogersf  and  W.  E. 
XiOgan.  It  is  certainly  an  objection  to  this  view  that  the  oharao- 
teristic  fucoid,  Artkrophycua  Harlani,  of  the  Medina  sandstone 

•Oeolog;  of  Vernioot,  p.  61B. 

tA  comniiiDloatloD  Is  cIMd  from  W.  B.  ItogerB.  inhloh  Is  Hid  to  bava  been  prepared 
tor  the  AtMT.  Auoe.  at  Albany  In  lUl,  but  not  published,  la  which  this  view  Is  argued 
(OcoL  VI..  p.  33S.)  This  view  ot  Dr.  Hitcboook,  he  states  Inter  In  his  Beport,  (p.  136)  "hu 
now  been  changed." 
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has  never  been  found  in  it."  (p.  310.)  Compare  A.  P.  Hager'ft 
doBoription  oE  "Bed  Suidrook  mountains,"  (ii,  876.) 

In  reference  to  the  "Qaartz  rock"  of  the  older  geologists — the 
"Grannlar  quartz,"  of  Emmons,  the  "Potsdam  sandstone"  of  ths 
brothers  Bogers,  of  Hall  and  later  geologists,  Dr.  Hitchcock  pres- 
ents no  facts  deoisive  of  the  question  of  its  position.  As  to  the 
"Georgia  elate" — the  "Black  slate"  ard  ''Taoonic  slate"  of  Emmona 
— the  "Hudson  Eiver  gronp"  of  Hall — the  "upper  part  of  the  Hud- 
son Biver  group,  or  a  distinct  group  above  the  Hudson  Biver 
gronp"  on  the  authority  of  Sir  William  Logan — a  "primordial" 
terraue,  as  determined  by  Barrande — Dr.  Hitchcock  has  no  de- 
cisive facts  to  offer.  He  recites  the  principal  data  touching  the 
lithological  and  stratigrapbic  characters  of  the  group,  and  ac- 
quiesces in  the  verdict  then  recently  rendered  by  Hall  and  Logan 
in  reference  to  the  geologic  age,  expressly  disagreeing  with 
Emmons  in  regard  to  any  unconformity  between  the  "Gieorgia 
slates"  and  the  "red  saudrock." 

The  "Stockbridge  limestone"  of  Emmons,  Adamsand  Thompson 
is  christened  "Eolian  limestone"  (from  Mt.  Eolns,  or  Dorset 
mountain).  This  is  the  "Granular  limestone"  of  Dewey,  and  "met- 
amorphic  Trenton  limestone"  of  Bogers,  Logan  and  Hunt.  The 
"Sparry  limestoDe"  of  Emmons  is  included  in  it.  As  to  their  mo- 
logical  position,  Dr.  Hitchcock  saya:  "We  incline  to  the  opinion 
that  they  must  probably  be  placed  as  high  as  that  [  the  Oorniferous] 
formation,  or  as  low  as  the  Lower  Silurian,  to  which  last  position 
Mr.  T.  S.  Hunt  assigns  them.  Either  position  abounds  witb  diffi- 
culties, and  we  are  hardly  prepared  to  choose  between  them,"  (p. 
421).  He  has  changed  his  view  in  reference  to  dolomitization.  He 
says: 

"The  old  notions  that  it  has  been  done  by  igneous  fusion,  or  by 
the  sublimation  of  carbonate  of  magnesia  do  not  all  satisfy  the 
facts  as  we  now  understand  them,"  (p.  424).  He  then  quotes  from 
Bischof  to  the  effect  that  dolomytes  can  only  be  regarded  as  a  pro- 
duct of  the  alteration  ot  limestone  in  the  wet  way  (p.  424). 

The  "Magnesian  slate"  of  Dr.  Emmons,  and  of  Adams  and 
Thompson,  is  described  by  Dr.  Hitchcock  nuder  "Talcoid  schists," 
because  analysis  shows  that  they  are  essentially  aluminous  (p.  425). 
He  regards  them  as  probably  newer  than  the  Eolian  limestone  (p. 
433). 

The  theory  of  the  metamorphic  origin  of  granites  gains  strength 
in  the  mind  of  the  author,  and  he  returns  to  it  with  new  thoughts 
and  new  supports.     He  points  out  the  improbable  assumptions  of 
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the  theory  of  molten  granitic  protrosiona,  save  id  an  exoeptional 
way,  (ii.  pp.  572,  573),  and  enforces  the  argamenta  for  aqaeo-igne- 
otts  fusion  of  pre-existing  rocka  as  the  most  probable  origin  of 
granites  (ii.,  574-6).  He  maintains,  1.  The  accepted  theory  of 
igneo-aqQeooB  softening  for  recognized  echistose  rooks  needs  only 
an  extension  la  the  same  direction,  to  apply  to  granitic  rooks.  2. 
The  order  of  solidification  of  the  oonetitnents  of  granite  has  not 
been  that  which  would  have  been  followed  in  a  o&se  of  (jooliug  from 
a  stato  of  fusion.  3.  The  ezistenoe  of  hydrated  simple  minerals, 
or  of  saah  as  mast  have  been  formed  in  the  wet  way,  or  of  saoh  as 
wonid  undergo  partial  or  entire  decomposition,  eren  at  a  red  heat, 
is  an  STideuoe  favoring  the  igneo-aqueous  theory.  4.  The  charac- 
ter of  thin  tortuous  granitic  veins,  instead  of  evincing  molten  fluid- 
ity, seems  more  probably  to  have  resulted  from  a  stete  of  solution 
or  softening  iu  alkaline  thermal  waters. 

Dr.  Hitchcock  never  made  an  explicit  record  of  his  views  in  re- 
ference to  the  teiiability  of  the  Tacouic  system  as  a  whole.  He  op- 
posed theearlier  views  of  Emmons  iu  reference  to  a  non-inversion  of 
the  strata  in  western  Massachusetts — though  at  one  time  wavering 
on  that  subject — and  is  commonly  ranked  with  the  brothers  Bogers 
as  an  opponent  of  Emmons'  claims.  But  Hitchcock's  conception 
of  the  assumed  overturn  was  different  from  that  of  the  brothers 
Hogers;  and  Emmons  yielded  at  last,  to  the  evidence  of  a  folded 
overturn.  In  reference  to  the  position  of  the  "red  sandrock"  at 
Highgate  and  elsewhere,  Hitchcock  in  the  earlier  portion  of  hie 
Termont  report,  deferred  to  the  positive  opinion  of  W.  B.  Eogere*, 
and  in  this  respect  was  again  at  variance  with  Emmons,  who  held 
it  to  lie  in  the  position  of  the  Potedam  sandstene  and  the  Caloifer- 
ous  saudrockf.  As  to  the  Georgia  slates,  which  the  majority  of 
American  geologists  had  pronounced  equivalents  of  the  Hudson 
Hiver  series,  or  newer.  Dr.  Hitehcock  appears  finally  to  waver.  He 
quotes  the  changed  opinions  of  Logan,  and  the  positive  assertions 
of  Bairande,  as  well  as  Hall's  explanations  of  his  positions,  and  as 
to  himself,  confesses  that  he  no  longer  takes  sides — though  ap- 
parently he  admits,  with  Logan,  that  the  Point  L^vis  rocks  sra 
subordinate  to  the  Potsdam,  instead  of  near  the  middle  Silurian, 
But  on  still  later  pages^,  he  compiles  a  resume  of  the  Taoonio  sys- 
tem, saying,  "We  shall  use  the  terms  which  are  employed  by  Prof. 
Emmons,  and  shall  endeavor  te  represent  his  ideas  as  they  ore 
published,  as  faithfully  as  though  we  were  the  amanuensis  of  on 

'Pme.  Amer.AMoe..  Alba  □!>.  1851. 

^Amtrlean  Ocology.  vol,  I,  pt.  11.,  pp.  gS,  128,  ISSfi. 

tVemumt  Btport,  pp.  134-44T. 
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advocate  of  the  Taoonic  Bystem."  This  epitome,  therefore,  is  not 
compiled  in  a  controversial  spirit.  Moreover,  it  booq  beoomee 
manifest  that  some  of  the  reasoning  ie  Dr.  Hitchcock's  own;  that 
IB,  he  aannmes  the  character  of  a  friend  and  advocate.  He  oon- 
oladea  with  a  statement  of  "presumptions  in  favor  of  the  Taoouio 
system":  "1.  Its  similarity  to  the  Cambrian  system  in  Europe, " 
From  this  is  deduced,  "2.  A  presumption  that  the  old  doctrine  of 
the  Laurentian  age  of  the  New  Eoglaud  azoic  rocks  is  correct." 
"3.  The  Taconio  rocks  are  pbyBioally  unlike  the  Lower  Silnrian." 
"4,  The  Taoonio  system  underlies  the  Lower  Silurian."  "5.  The 
thickneeees  of  the  Taconio  and  Lower  Silurian  rooks  do  not  agree." 
"6.  The  organic  remains  of  the  Taconio  and  Lower  Silurian  rooks 
are  entirely  different  from  one  another." 

HENBY  D.  BOQERS. 

1842.  In  their  classic  memoir  "On  the  Physical  Structure  of 
the  Appalachian  Chain,"*  the  brothers  Bogers  say: 

"At  an  early  period  in  the  geological  surveys  of  New  Jersey  and 
Virginia,  we  were  struck  with  the  great  prevalence  of  the  south- 
eastemly  dip  of  the  strata,  throughout  the  portions  of  the  Appa- 
lachian chain  traversing  those  states,  and  recognized  its  depend- 
enoe  on  the  obliqae  or  inverted  folding  of  the  strata.  This  will 
appear  from  the  descriptions  we  have  given  in  our  Annual  Beports 
for  1837  to  1839.  The  important  general  law  of  the  greater  steep- 
ness of  the  dip  on  the  northwestern  than  on  the  sontheastern  sides 
of  the  anticlinal  axes,  became  known  to  ns  at  the  same  stage  of  onr 
inqoiries  and  was  first  anuouuced  in  the  Final  Keport  on  the 
geology  of  New  Jersey,  written  in  1839,  and  published  early  in  the 
spring  of  1840"  (p.  481). 

Another  anouncement  of  these  views  was  made  to  the  American 
Philosophical  Society  in  January,  1841.  t 

After  adverting  to  the  statements  of  previous  writers  that  all 
the  strata  between  the  Hoosao  mountain  |  Massachusetts]  and  the 
Hudson  river  lie  in  an  inverted  order,  drawings  were  exhibited, 
proving  the  existence  of  numerous  closely  folded  anticlinal  and 
synclinal  axes;  and  the  inference  was  drawn  that  the  inverted  dip 
of  the  rooks  is  a  result  of  a  folding  of  the  beds  at  short  intervaU, 
and  not  of  one  general  turning  over  of  the  whole  series,  as  sng- 
gested  by  professor  Hitohoock.  Subterranean  igaeous  action  was 
referred  to  as  having  caused  this  compression  and  folding  of  the 
rocks,  and  its  energy  was  shown  to  have  been  greatest  ^ong  the 

•TraiuacUont  of  ffie  AmockUUm  of  AmtrUan  Gecloaii^  ana  JXaturaHitt,  WO,  ISIland  IStS 
pp.  4T1-S3t. 
tiYoe.  Anur.  PJifl.  Soc.,  Jan.  1, 18U. 
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Berkshire  valley,  aad  the  ridges  lying  to  the  east  To  the  same 
agency  was  attributed  the  crystalline  condition  of  the  Berkshire 
marble  and  of  the  associated  schists  and  semi-vitrified  qaartz 
rock —  the  first  being  regarded  as  merely  the  blue  limestone  of  the 
Hudson  valley,  extensively  altered,  and  the  last,  a  highly  altered 
form  of  the  white  sandstone  at  the  base  of  the  Appalachian  forma- 
tions (p.  482). 

Speaking  of  the  character  of  the  flexures  in  the  Hadson  River 
division,  they  say: 

"In  this  belt  the  fiexures  are,  for  the  most  part,  of  the  closely 
folded  type,  and  the  dip  is  almost  invariably  toward  the  southeast- 
the  compressed  and  oblique  plication  of  the  beds  extending  equally 
to  the  hypogene  or  primary  rooks  of  the  mountains  bounding  the 
valley  in  the  east,  and  to  the  tower  formations  of  the  Appalachian 
system  which  occupy  the  valley  itself"  (p.  486). 

"A  feature  of  frequent  occurrence  in  certain  portions  of  the 
Appalachian  belt,  is  the  passage  of  au  inverted  flexure  into  a  fault" 
(p.  494).  "It  is  an  interesting  general  fact  that  the  space  between 
the  axes,  or,  more  properly,  the  amplitude  of  the  undnlations, 
increases  as  we  cross  the  chain  northwestward"  (p,  507). 

IS44.  These  views  have  a  bearing  on  the  interpretation  of  the 
structure  occurring  on  the  east  of  the  Hudson  river,  within  the 
geographical  limits  of  the  Taconic  system.  In  the  light  of  them, 
t^rofessor  H.  D.  liogers  used  the  following  language  in  reference 
to  the  proposal  of  Emmons.* 

"The  fixing  of  a  base  for  the  Palffiozoic  rooks  of  the  United  States 
is  a  problem  scarcely  less  difficult  than  that  of  determining  the 
lower  limit  of  the  corresponding  system  of  England,  to  which  the 
admirable  sagacity  of  ^edgwick  has  been  so  usefully  directed.  I>o 
we  possess,  in  the  so-called  Taconic  system  of  rooks  lying  to  the 
Boatheast  of  the  unequivocally  fossiliferous  strata  at  the  base  of 
the  New  York  or  Appalachian  system,  an  independent  mass  of 
formations  of  an  unquestionably  earlier  date,  or  are  these,  on  the 
other  hand,  but  well  known  lower  Appalachian  strata  disguised  by 
some  change  of  mineral  type  and  by  igneous  metamorphosis? 
These  Taconic  rocks,  under  the  form  they  assume  along  the  east- 
ern boundary  of  New  York  and  the  western  side  of  Vermont  and 
Massachusetts,  have  been  carefully  studied  by  Emmons,  Hitch- 
cock and  Mather;  all  of  whom  appear  to  have  arrived  at  different 
conclusions  concerning  themf    ■  ■  ■    Professor  Emmons  considers 
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the  graBolsr  qaartz,  slate  and  limestone  of  the  Tacooic  liitls  and 
the  Stockbridge  valley  as  ooDstituting  a  distinct  group  of  etrata. 
.  .  .  HiB  principal  argament  in  defense  of  this  view  is,  that  the 
order  of  succeseion  of  the  component  members  of  the  group  is 
essentially  different  from  that  witnessed  in  the  sandstone,  lime- 
stone and  slate  of  the  Cbamplain  division,  and  he  denies  that  the 
theory  of  plication  of  the  beds,  advanoed  originally  by  myself  and 
my  brother,  and  applied  to  this  very  region,  can  reconcile  the 
seeming  want  of  agreement  Now  it  is  troe  that  the  apparent 
order  of  soperpoeitioQ  in  the  Taoonic  belt  is  in  discrepancy  with 
the  well  known  succession  of  the  Ohamplain  formations,  but  this 
is  precisely  what  should  arise  from  the  introduction  of  those  com- 
plete folds  or  doublings  together  of  the  strata  which  we  have  con- 
ceived to  exist;  and  I  would  add  that  the  sections  furnished  by 
professor  Emmons  and  professor  Mather  in  their  reports,  if  re- 
solved by  the  iutroduction  of  the  flexures  supposed  by  us,  will  all 
of  them  display,  for  their  western  portions  at  least,  the  normal 
order  of  superposition  of  the  Champlain  rocks.  This  identity  of 
the  so-named  Taconio  System  with  the  formations  of  the  Hudson 
and  Ghamplain  valley  was  announced  by  my  brother  and  myself, 
in  the  beginning  of  1841,  to  the  American  Philosophical  Society. 
By  the  aid  of  a  section  from  Stockbridge  towards  the  Hudson 
river,  we  showed  the  existence  of  numerous  close  anticlinal  folds, 
and  thus  explained  the  apparent  inversion  of  the  dip,  which  other 
geologists  had  ascribed  to  one  general  overturning  of  the  whole 
series.  The  plication  was  shown  to  be  greater  along  the  Berkshire 
valley  and  the  ridges  west;  the  granular  Berkshire  marble  was 
identified  with  the  blue  limestone  of  the  Hudson  valley,  but  meta- 
morphosed by  heat,  and  the  associate  micaceous,  talcose  and  other 
schists  were  referred,  in  the  language  of  the  communication,  to 
the  slates  of  the  formation  of  the  Appalachian  system;  while  the 

feesora  Rogers,  lie  aays:  "I  concur  with  them  In  this  iipliili'ii.  My  own  olwervatlona  on 
these  meki4(tn)m  the  lloosac  muunljkln  tolhe  UudsuD)  and  those  of  the  Hudson  valley, 
conducted  with  much  care  thrviiKhouC  tlielr  wbolo  ext«Dt.  in  New  Yurk.  and  In  Ver- 
mont and  UasMtcliusetu.  tUrouRh  a  series  of  years,  have  led  me  to  the  ponoluslou  that 
they  are  nietamorphlc,  and  ot  the  uge  of  the  Ohuniplaln  division;  th^it  they  are  the 
altered  llmeMtune^.  Klnles  and  sandstones  of  that  division  .  .  .  The  white  limostone 
containing  plumbago  und  various  crystallized  minerals  IH  Another  point  on  nlitch  there 
are  various  views.  I  Uave  come  tv  the  conclusloti  that  It  U  metamorphlc.  but  lu  more 
highly  nietamorphlc  state  than  tlio  dolomitlB  UmBHtones  ot  the  Taconlc  rucks." 

Chapter  vll.,  however  (pp.  432-438),  In  devoted  to  the  "Taconio  System".  But,  at  the 
epd.  professor  Uather  remarks:  "It  will  be  observed  by  those  who  have  read  the  pre- 
ceding details  In  regard  to  the  Champlain  Division  and  the  Taconlc  System,  that  they 
are  considered  to  be  the  same  rocks,  the  latter  somewhat  modlfled  In  character  by 
metamorphlc  agency"  (p.  138). 

la  the  chapter  on  Metamorphlc  Iloebs,  he  says:  ''In  describing  the  Taconlc  rocks 
separately,  I  have  yielded  to  the  opinion  of  some  of  niy  colleagues  who  have  consid- 
ered them  as  interposed  l>etween  the  Champlain  Division  and  the  Primary.  I  can 
discover  no  evidence  ot  any  such  Interposition  .  .  .  "  (p.  44UI. 
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semi-Titreoas  quartz  rock  of  the  western  part  of  the  Hooeao  moan- 
tains  was  stated  to  be  nothing  else  than  the  vhite  sandstone  (Pots- 
dam sandstone)  of  the  same  series  slightly  altered.  ...  It  is  trae 
Professor  Emmons  has  presented  in  his  report,  a  series  of  seotionB 
of  the  strata  exhibiting  an  unconformity  at  the  passage  of  his 
Taoonio  into  the  rooks  of  the  Champlain  diTision,  but  I  must  take 
the  liberty  of  expreeeiog  my  disbelief  of  the  existence  of  any  snch 
unconformity,  and  of  observing  that,  in  the  prolongation  sonth- 
-westward  of  this  altered  and  plicated  belt,  as  far  as  the  termination 
of  the  Blue  Bidge  in  Georgia,  a  distanoe  of  one  thousand  miles,  no 
interruption  of  the  general  conformity  of  the  strata  has  ever  met 
the  obserTation  of  my  brother  or  myself," 

"  It  wonld  appear  thus,  that  the  Potsdam  sandstone  forms 
the  base  of  the  Palieozoic  strata  in  the  latitude  of  lake  Champlain, 
or  at  least  in  the  region  of  the  lake  and  the  Mohawk  river"  (pp. 
161-152). 

Professor  Bogera  adds  some  saggestions  which  in  the  light  of 
later  paleeontological  developments,  must  be  regarded  prophetic 

"Is  this  formation,  then,  the  lowest  limit  of  our  Appalachian 
Paleeozoic  masses  generally,  or  is  the  system  expanded  downwards 
in  other  districts  by  the  introduction  beneath,  of  other  conforma- 
ble sedimentary  rocks  ?  From  the  Susquehannah  river  southwest- 
ward,  a  much  more  complex  series  of  strata  comes  in  below  the 
bottom  of  the  lowest  limestone,  than  is  anywhere  seen  northeast 
of  the  Bchuylkill.  In  some  portions  of  the  Blue  Bidge  belt  there 
are  at  least  four  independent,  and  often  very  thick  deposits  oonsti- 
tating  one  general  group,  in  which  the  Potsdam,  a  white  sandstone, 
is  the  second  in  descending  order.  The  uppermost  of  these  is  an 
arenaceous  and  ferriferous  slate,  many  hundred  feet  thick,  in  which 
the  only  fossil  is  a  peculiar  fucoid.  Beneath  this  lies  the  Potsdam 
sandfitone,  and  under  this  again,'  a  mass  of  coarse  sandy  slate  and 
flaggy  sandstone,  amounting  sometimes  to  six  or  seven  hundred 
feet,  below  which  occurs  in  Virginia  and  East  Tennessee,*  a  series 
of  heterogeneoas  conglomerates.  Keither  of  the  two  lowest  of 
these  maeees  has  yet  rewarded  research  with  a  single  fossil"  (p. 
152). ^_^ 

•  Professor  Safford  In  hlx  admirable  digest  of  the"aeolom  of  Ttniu»»ee"  (pp.  151,158 
183)  described  the  Poiedam  uroup  as  coraposod  of;  St,  The  Knox  Oroup  o(  8halos 
Dolomites  and  LimostoneB  ;  2b.  Tbot'hllliowce  Sandstone  iPotsidsiii  proper  ;)  2a.  Th« 
Ocoee  CODSlomerate  uiid  Slates  (Eozolc).  Below  these  are  the  metamorphlc  rooks, 
KDCIas.  mica  slate,  sfFaite  and  chlorltic  sitltes.  Dr.  SalTurd  says  :  ■'  The  metaiuorphlc 
bods  together  nith  those  of  other  (iroiips  that  are  adjacent  or  neltt'iborlng.  all  appear 
to  follow  the  same  law  ot  dip  and  strike.  The  dip  la,  In  the  roalu.  at  a  high  angle 
to  the  southeast.  .  ,  .  They  all  upparcntlr  belong  tji  the  same  system  ot  upheav- 
als. .  .  .  With  reference  to  age,  I  have  no  reason  tor  believing  that  the  group 
within  Tennesee  Includes  the  metamorphosed  beds  of  any  formation  ot  more  recent 
date  than  the  Oooee  conglomerate  and  shales"  (p.  177). 
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"Adjoining  this  great  masB  of  arenaoeons  strata  towEird  the 
southeast  we  find  tkronghont  mnoh  of  the  broad  belt  of  the  Bine 
Bidge,  espeoially  in  its  prolongation  southvegtward  from  the  Po- 
tomac,  a  wide  ezpanaioa  of  metamorphio  strata  intersected  by  in- 
namerable  veine  and  dykes  of  greenstone  and  other  igneous  ma- 
terials, and  displaying  almost  every  grade  and  variety  of  alterna- 
tion in  texture  and  mineral  contents.  These,  after  long  and  care- 
ful observation,  we  have  been  led  to  consider  as  a  group  of  sedi- 
mentary beds,  still  older  than  the  preceding,  but  forming  a  part  of 
one  and  the  same  onbroken  series.  Thus,  then,  in  the  great  group 
of  strata  at  the  base  of  our  lowest  fossiliferous  series,  we  are  pre- 
sented with  similar  and  perhaps  more  striking  results  of  igneous 
modifying  powers  than  even  in  that  portion  of  the  Ohamplain  sys- 
tem whose  metamorphosed  rocks  constitute  the  Taoouic  group. 
.  .  .  Respecting  tiie  phenomena  presented  in  the  long  belt  of 
rocks  here  referred  to,  the  qnestion  suggests  itself  whether  the  so- 
called  Taconic  system  instead  oE  belonging  exclusively  to  the 
Ghamplain  division,  may  not,  along  with  the  western  border  of 
Vermont  and  Massachusetts,  include  alsn,  some  of  the  sandy  and 
slaty  strata  here  spoken  of  as  lying  beneath  the  Potsdam  sand- 
stone" (p.  163). 

In  his  final  Keport  on  the  geology  of  Pennsylvania,  published  in 
1868,*  professor  Bogers,  in  speaking  of  the  Second  or  Uiddle  Belt 
of  Gneiss,  in  the  southern  gneissio  district,  says:  "It  would  seem 
as  if  these  minerals  had  crystallized  or  segregated  from  their  parent 
sedimentary  materials,  under  a  confiiot  of  forces,  the  newly  awak- 
ened crystallizing  energies  being  not  always  parallel  to  the  origi- 
nal bedding  of  the  deposit,  but  mom  frequently  oblique  to  it" 
(p.  71).  This  remark  is  made  in  view  of  the  "wavy  or  minutely 
undulated  laminatios,  arising  apparently,  from  a  contorted  or 
wavy  structure  in  the  coarsely  crystallized  mica,  its  predominant 
mineral,  which  he  thought,  seemed  "to  proceed  from  the  interfer- 
ence of  innumerable  planes  of  cleavage — or  what  is  the  same  thing 
— of  crystalline  lamination,  with  the  original  planes  of  deposition 
of  the  strata." 

He  remarks  a  character  which  possibly  might  be  attributed  to 
remoteness  of  the  upper  gneisses  from  the  zone  of  intense  crystal- 
line action : 

'The  Ombim  of  Pemui/tvania,   Ooatmnunt     Survey .    By  Henry  Darwin  Rofiera.    lu 

two  voIh.  4to,  New  York.  1806,  The  uutbor  Intorma  us  In  tbe  preface  that  the  survey 
was  conimencea  In  1936;  Interrupted  trom  failure  o(  appropriations  In  IStt;  revived  In 
IS51  (alter  sundry  failures  In  atttimpts  to  uccampllKh  publication):  tlie  field  work  was 
concluded  Id  liKi.  report  rewrlttf'n  and  placed  In  way  of  pubUcatluu  under  direction 
of  the  author,    Tbe  preface  Is  dated  Philadelphia,  April,  ItljS. 
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"A  remarkable  feature  in  the  northern  or  nppermoBt  baDd  of 
gneiss  on  the  Schnylkill,  or  thoee  which  next  adjoin  the  base  of  the 
Primal  series,  is  the  possession  of  a,  less  than  asaal  completeness 
of  crystallization  in  the  conetitnent  mineralB,  the  feldspar  more 
especially,  appearing  to  be  less  perfectly  developed  than  common, 
and  more  in  the  condition  of  ronndish  or  lenticnlar,  segregated 
Inmps.  In  thi?  circumstance,  the  gneiss  here  approximates  Bome- 
vhat  to  the  stracture  of  the  lowest  beds  of  the  Primal  aeries,  which 
are  also  porphyroidal,  but  exhibit  their  metamorphism  in  a  far 
lower  degree"  (p.  73). 

The  prevailing  Appalachian  dip  is  not  remarked  in  the  gneisses: 

"A  remarkable  feature  in  the  structure  of  the  whole  soutbera 
RneisB  district  is  the  prevalence  ot  a  northward  dip  in  the  strata. 
This  inclination  prevails  along  the  Sohnylkill,  with  very  few  local 
and  trivial  exceptions  throughout  all  the  three  great  subdivisions 
of  the  zone  of  gneiss"  (p.  78). 

I  make  one  more  qnotation,  setting  forth  a  conception  in  refer- 
ence to  Appalachian  stractare,  which  demonstrates  long  and 
thoughtful  observation: 

"That  the  wide  area  of  gneiss  now  under  description  is  undulated 
in  a  succession  of  anticlinal  and  synclinal  waves  is  obvious  to  any 
practiced  geological  observer  who  studies  its  structure  with  due 
oare.  .  .  The  notion  of  an  undulated  or  folded  structure  in  the 
gneiss  finds  corroboration  in  the  parallel  arrangement  of  the  hills 
and  valleys;  and  in  the  sudden  changes  in  the  dip  of  the  strata, 
wherever  we  make  a  transverse  section  through  the  region;  but  it 
receives  its  most  positive  demonstration,  when  we  study  the  to- 
pogiaphy  and  distribntion  of  the  gneiss  on  the  western  side  of  the 
county.  There  as  we  have  already  seen,  several  long  tapering 
tongues  of  the  gneiss  formation  project  forward  towards  the  W, 
including  between  them  actual  troughs  of  the  Falieozoio  rocks,  a 
feature  not  attributable  to  any  other  mode  of  elevation  of  the 
gneiss  than  that  of  an  undulation  of  its  general  Soor  in  the  manner 
of  long  anticlinal  waves"  (p.  86).  In  reference  to  inverted  Uexuras 
in  the  South  mountains,  see  page  91. 

JAKES    HALL. 

1843.  In  his  Final  Report  on  the  geology  of  the  Fourth  Dis- 
trict of  New  York,*  Mr.  Hall,  like  Mr.  Mather  and  Mr,  Vanoxem,** 

'Oeotoaynf  A'eiC  i'm-h.  Part  IV,  0>mp  Mm  ''  U  f  luF  urtl  Gta^ooiail  DMria. 
By  James  llall.  Albanijr.  184^. 

•"Vanuxem's  chairtcr  on  tliP  Tacon  c  s       on  oc      p  ea  bu    about  oiip  pajte  Ipp,  Z2,SI.) 

Tlic  rocks  or  the  system  barely  onte  od     s  d  k     Mu  ber.  be  agrei>d  with 

EnimonB  a.-*  to  the  validity  of  it»  e  e  T  o  ng  boKevar,  Is  a  curious 
paraKrapli : 
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makes  mention  of  the  Taoonic  system,  then  recently  proposed  by 
Dr.  Emmons.  Bat,  with  Mr.  Hull,  a  mere  mention  suffices.  He 
says:  "II.  Taconic  System.  Represented  by  the  Taoonio  range 
of  mountains  in  the  eastern  part  of  New  York."     (p.  17. ) 

1847.  Mr.  Hall's  attitude  toward  the  Taconio  was  disclosed  in 
the  first  volume  of  the  Palseontology  of  Xew  York*  where  the  tril- 
obites  described  by  Dr.  Emmons  under  the  names  Atops  trilinentus, 
and  ElUptocephalus  asaphoides,  as  representatives  of  Taconic 
life,  were  described  aa  Calymene  beckii,  an  authentic  species  of 
the  Hudson  Biver  group,  and  Olenus  asaphoides,  presumed  also 
to  be  of  similar  age.     He  says: 

"Soppoeing  the  existence  of  a  system  of  strata  below  the  Pota- 
dam  sandstone,  of  which  we  have  no  proof,  we  might  fairly  infer 
that  the  wide  interval  between  the  deposition  of  those  strata  and 
the  Hudson  Biver  group,  would  give  us  forms  of  animal  life  more 
widely  different  than  these  examples  offer"  (p.  257,  note. ) 

1859.  So  far  as  I  have  observed,  professor  Hall  had  no  occasion 
to  assume  positions  bearing  on  any  questions  concerning  pre-Silu- 
rian  rocks,  until  some  [assumed]  "Trilobites  of  the  Shales  of  the 
Hudson  Biver  Qroup"  from  northern  Vermont,  were  placed  in  his 
hands.t  These  were  described  as  Olenus  thompsoni,  Olemts  ver~ 
montana  and  Peltura  {Olenus)  holopyga  (pp.  59-62).  These  fos- 
sils, as  it  appeared,  were  obtained  from  the  district  claimed  by  Em- 
mons as  representing  the  Taconic  system.  Though  these  were  not 
generic  types  characteristic  of  the  horizon  of  the  Hudson  Biver 
group,  the  controlling  reason  for  piecing  them  there,  is  expressed 
in  the  appended  note  as  follows: 

"Note.  Id  addition  to  the  evidence  heretofore  possessed  regard- 
ing the  position  of  the  slates  containing  the  trilobites,  I  have  the 
testimony  of  Sir  W.  E.  Logan,  that  the  shales  of  this  locality  are 
in  the  npper  part  of  the  Hudson  Biver  group,  or  forming  a  part  of 
a  series  of  strata  which  he  is  inclined  to  rank  as  a  distinct  group, 
above  the  Hudson  Biver  proper.  It  would  be  quite  superflaous  for 
me  to  add  one  word  in  support  of  the  opinion  of  the  most  able 

"It  Is  u  convetilent  receptacle  for  <lcpi>slts  which  belong  neither  (o  the  Primary  nor 
theKewYork  S)'Htem:and  the  mind  in  England  Is  dlapoHed  tuuno  of  the  kind,  slnco 
the  GBDibrlan  System  holds  the  same  position.  From  [To]  the  Deoesslty  of  a  connect- 
ing link  between  the  Primary  und  the  Secondary  classes,  which  alone  existed  when 
Werner  rose  as  a  geologist,  we  owe  the  Transition  class,  thetrultsof  which  are  the 
Cambrian  System  ot  Mr.  Sedgwick,  the  SlInFlan  at  Mr.  Murchlson.  and  the  Devonian 
of  Mr.  Fhllllp^i;  now  luergod.  with  Che  exception,  probably,  ot  a  portion  of  the  Onm- 
brlan,  In  the  ^ew  York  System.' 

•Patoontofow  nf  Sea  York,  Volume  1.    By  James  Hall,  1847. 

iTmlfat  Anmuil  Report  of  OieS,  Y.Regtnti.     CoiitrBiutlon  In  Oir,  PalnimtnUnni  of  W-  T-, 
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Etraiigrephioal  geologist  of  the  Amerioan  cootmeat"  (p.  62,  note. ) 

1860.  Id  the  Thirteenth  Report  of  the  Begents*,  professor  HkU 
changed  the  generio  references  of  the  three  trilobit«s  jost  men- 
tioned, establishing  for  them,  two  new  genera.  They  are  here  de- 
scribed (the  first  with  a  new  fignre)  onder  the  names  Barrandia 
tkompsoni,  Barrandia  vermontana  and  Bathynotus  kolopyga. 
The  teohnioal  reasons  for  these  changes  are  explained.  In  refer- 
ence to  geological  position,  he  says,  in  a  paragraph  at  the  end: 

"The  geological  horizon  of  the  shales  in  which  these  trilobites  oo- 
cor,  having  been  made  a  matter  of  discussion  among  geolt^ists,  I 
shall  refer  those  interested  in  the  sabjeot  to  the  forthcoming  re- 
port upon  the  Geology  of  the  State  of  Vermont,  by  Professor  E. 
Hitohoock."  (p.  119,  see  ant<S,  p.  99). 

1861.  This  reference  of  the  Georgia  trilobites  a  horizon  as  high 
as  the  Hndson  Biver  group,  was  qaestioned  and  eomewhat  sharply 
oritioised  by  M.  Barraudef  in  1960.  Professor  Hall,  accordingly, 
made  a  restatement  of  the  reasons  which  induced  him  to  refer  the 
Gborgia  trilobites  to  the  Hudson  Biver  horizon.  The  truth  of  his- 
tory, not  to  say  justice  to  professor  Hall,  demands  the  qaotation  of 
some  passages. t  After  stating  that  Sir  William  Logan  had  aa- 
thorized  in  an  explicit  manner,  the  note  appended  to  his  paper  in 
the  Xllth  Regents'  Report,  he  proceeds : 

"Later  dieooTeries  in  the  limestones  associated  with  the  shales 
at  Quebec  leave  no  longer  a  doubt,  if  any  oould  have  been  enter- 
tained before,  that  the  shales  of  Georgia,  Vermont,  are  in  the  same 
relative  position  [i.  e.,  of  Quebec  age,  instead  of  Hudson  Biver] 
and  we  most  rdgard  these  three  trilobites  as  belonging  to  the  same 
fauna  with  the  species  enumerated  by  Sir  William  Logan  as  oo- 
ourring  in  the  Quebec  group.  Left  to  palseontological  evidenoe 
alone,  there  never  could  have  been  a  question  of  the  relations  of 

•JjipendU.  CnnlrOailionx  tn  Paltam'olnoi/,  tSJS  and  ISjO.  uUA  aOdltimu  In  1860.  By 
Jamus  IIa.11.  ThU  report,  according  to  a  slip  attaoheil  to  XlVOt  Report,  was  published 
b«rure  Dec.  17. 1860. 

tWeu«a  JoArburh/ar  Oeolopleund  PartfoMenkunde.  A  traaslfttlon  of  tbe  letter  written 
under  dau-  of  Parla,  July,  IMSflO  to  Prof.  Broun  Is  Blven  by  M.  Maroou,  In  a  memoir  en- 
titled "On  tbe  Primordial  Fauna  and  the  Taconlf-Syatvm.  Bj  Joachim  Barraude.  With 
additional  notes."  From  the  Prixaaingii  of  the  Bottnn  Society  of  Natural  Hietorg,  vol.  vlU 
Dec.,  1H80,  pp.3flO-38S.  Republished  In  Jma-.  Jour.  Srf.,  II.,  xxil,  pp.  212-15.  Mar..  IMl. 
M.  BarruDdo  wrote  of  these  fosallg;  •■Their  primordial  nature  cannot  admit  of  the 
leuat    doubt,  when  the  descriptions  are  read,  ai^conipanled  with   wood  engrarlnga 

which  the  large  dimensions  of  these  three  species  render  suKalently  exact All 

the  characters  of  these  three  trilobites.  as  thejr  aro  recognized  and  described  by  J. 
Hall,  are  those  of  tho  trilobites  of  the  Primordial  fauna  of  Europe.  .  Such  Is  m;  pro- 
found oonvlctlon.  and  I  think  any  one  who  has  made  a  serious  stiidy  of  tho  trllobltlc 
forms,  and  of  their  vertical  distribution  In  the  oldest  formations  will  bo  of  the  same 
opinion"  (pp.  itJKtIS.) 

tAater.  Jour.  Set,  II.  xxxl,  pp.  £9>«,  March.  1881;  Canad.  SiUuratM,  vl.  113.30,  Apr.  IS, 
ISSl:  Gcol.  Vermont,  1,  383-6. 
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these  trilobitea,  vbioh  wottld  at  once  have  been  referred  to  the 
Primordial  types  of  Barrande. 

"  Sir  William  Logan  yields  to  the  palseontologioal  evidence,  and 
eaya,  'there  mnst  be  a  break.*  He  gives  op  the  evidence  oE  stnio- 
tnral  seqaence  which  he  had  before  investigated,  and  considered 
oonolosive;  and  having  heretofore  [myself],  relied  upon  the  opin- 
ion of  the  ^istingnished  geol<^ist  of  Canada,  in  regard  to  a  region 
of  country  to  which  my  own  examinations  had  not  extended,  I  have 
nothing  left  me  "bat  to  go  back  to  the  position  eoatained  by  the 
paliBontological  evidence."  * 

He  then  examines  the  palEeontologioal  evidence,  and  from  a 
tabular  exhibit  of  Quebec  fossils,  oonclades  : 

"  In  the  table  we  find,  of  previously  recognized  tribolites  of  the 
primordial  faanse,  four  genera  and  eight  species ;  two  genera  be- 
fore known  in  the  Potsdam  bandstono,  and  seven  species;  and  of 
Agnoaius,  which  is  of  the  first  and  second  faunse,  two  species;  and 
one  new  genns,  with  nine  species." 

"  These  are  certainly  very  oorions  results ;  and  a  modification  of 
our  views  is  still  required,  to  allow  four  genera  and  eight  species, 
or,  leaving  out  Ampkion,  three  genera  and  six  species  of  tribolites 
of  the  second  fanna,  to  be  associated  with  two  genera  and  five  spo- 
cies  of  tribolites  of  the  primordial  faana,  and  yet  regard  the  rocks 
as  of  primordial  origin"  (pp.  224).    .    .    . 

"In  the  present  disoossion,  it  appears  to  me  necessary  to  go  far- 
ther, and  to  inquire  in  what  manner  we  have  obtained  our  ideas  of 
a  primordial  or  of  any  successive  faauee.  I  hold  that  in  the  study 
of  the  foeeile  themselves,  there  were  no  means  of  snob  determina- 
tion prior  to  the  knowledge  of  the  etratigraphical  relations  of  the 
rocks  in  which  the  remains  were  enclosed.  There  can  be  no  scien- 
tific or  systematic  paleeontology  withoat  a  stratigraphioal  basiB. 
Wisely  then,  and  in4epcndently  of  theories,  or  of  observations  and 
conclusions  elsewhere,  geologists  in  this  country  had  gone  on  with 
their  investigations  of  structural  geology.  The  grand  system  of 
Professors  W.  B.  and  H.  D.  Bogers  had  been  wrought  out,  not 
only  for  Pennsylvania  and  Yiiginia,  but  for  the  whole  Appalachian 
chain,  and  the  results  were  shown  in  numerous  carefully  worked 
sections.  In  1843,  '44  and  '45, 1  had  myself,  several  times  crossed 
from  the  Hudson  river  to  the  Qreen  mountains,  and  found  little  of 
importance  to  conflict  with  the  views  expressed  by  th(^  Professors 
Rogers  in  regard  to  the  chain  farther  south,  except  in  reference  to 
the  sandstone  of  Burlington,  and  one  or  two  other  points,  which  I 
then  regarded  as  of  minor  importance." 
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"Sir  William  Logan  had  been  workiog  in  the  ioTeetigation  of 
the  geology  of  Canada  ;  and  better  work  in  pbysioal  geology  has 
never  been  done  in  any  conntry." 

"  This,  then,  was  the  condition  of  Amerioan  geology,  and  inves- 
tigators  concurred,  with  little  exception,  in  the  sequence  based  on 
physical  inTeBtigntions.  As  I  have  before  said,  our  earliest  deter- 
minations of  the  suocesBiTe  faunae  depend  upon  tbu  previous  strati- 
graphic  determiDations.  This,  I  think,  is  acknowledged  by  Mr. 
Sarrande  himself,  when  he  presents  to  us  as  a  preliminary  work,  a 
section  across  the  centre  of  Bohemia.  With  all  willingnesB  to  ac- 
cept Mr.  Barrande  8  determination,  fortified  and  sustained  as  it  ie, 
by  the  exhibition  of  his  magnificent  work  upon  the  trilobites  of 
these  strata,  we  had  not  yet,  the  means  of  parallelizing  our  own 
formations  with  those  of  Bohemia  by  the  fauna  there  shown.  . 
.  .  It  then  became  a  question  for  palseontologists  to  decide 
whether  determinations  founded  on  a  physical  section,  in  a  dis- 
turbed and  difficult  region  of  comparatively  small  extent  [L  e.  Sir 
W.  £.  Logan's  on  the  borders  of  Canada  and  Vermont]  were  to  be 
regarded  as  paramount  to  determinations  founded  on  examinations, 
like  those  of  the  Professors  Kogers,  extending  over  a  distance  in 
the  line  of  strike  ot  five  or  six  hundred  miles ;  and  those  of  Sir 
William  Logan  over  nearly  as  great  an  extent,  from  Vermont  to 
Gaspe."    ,    .    . 

"  It  is  evident  that  there  is  an  important  and  perplexing  questioa 
to  be  determined.  .  .  For  myself,  I  can  say  that  no  previously 
expressed  opinion,  nor  any  '  artificial  combinations  of  stratigraphy 
previously  adopted,  by  me,  shall  prevent  me  from  meeting  the 
question  fairly  and  frankly  "  (pp.  224-5-6). 

18G2,  The  new  evidences  in  reference  to  the  age  of  many  oE 
the  rocks  in  the  valley  of  the  Hudson,  led  professor  Hall  to  an 
abandonment,  at  least  for  a  time,  of  the  use  of  the  term  Hudson 
Biver  group,  for  the  assemblage  of  strata  next  above  the  Trenton 
group.  In  a  note  at  the  end  of  his  report  on  the  geology  of  Wis- 
consin, he  records  this  changed  position.* 

"At  that  time  f  when  the  final  reportson  the  geology  of  New  York 
were  in  preparation]  and  at  a  later  period,  Dr.  Emmons  proposed 
the  name  Taconic  System  for  a  series  of  rocks  lying  a  sonsiderabla 
distance  to  the  eastward  of  the  Hudson  Biver,  and  which  were, 
according  to  the  author  of  that  System,  below  the  Potsdam  sand- 
stone. An  examination  of  the  slaty  rocks  of  the  System  in  some 
of  their  typical  localities,  proved,  in  the  opinion  of  the  writer,  that 

•Report  (111  (he  GaiUvlrai  Stirvry  »/  Uie  SlaU  of   WiBCOii»fn,  vol.  1,  Jan.   !e(B,  pp.  »T  and 
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they  rested  npoo  the  Potsdam  BaDdatonej  and  in  tracing  the  same 
beds  toward  the  Hudson  River,  there  could  be  discovered  no  break 
or  iDterrnption  in  the  strata  anywhere  to  the  east  of  that  river.  .  . 
At  a  sabaequent  period,  Dr.  Emmone  extended  the  application  of 
the  term  Taconio  System  to  the  rocks  o£  the  Hudson  Biver  valley, 
including  the  area  originally  regarded  as  the  typical  locality  of  the 
Hudson  Biver  Group.  .  .  Within  the  last  few  years,  the  dis- 
cussion of  the  eabject  has  been  revived,  more  particularly  from 
discoveries  of  fossils  in  Vermont  and  Canada,  which  prove  conclus- 
ively  that  these  slates  are  to  a  great  extent,  of  older  date  than  the 
Trenton  limestune." 

"Looking  critically  at  the  localities  in  the  Hudson  valley  which 
yield  the  fossils  [belonging  to  the  second  fauna]  we  find  them  of 
limited,  and  almost  insignificant  extent  .  .  Besides  the  fossils 
just  mentioned,  we  know  of  no  others  for  nearly  a  hundred  miles 
along  the  Hudson  valley,  with  the  exception  of  the  Qraptolites, 
which  have  heretofore  been  referred  to  the  age  of  the  other  fossils 
found  in  the  smaller  outliers,  or  to  the  second  fauna,  but  which  in 
reality,  hold  a  lower  position,  and  belong  to  the  great  mass  of  the 
shales  l>elow." 

"Until  recently  but  one  or  two  other  species  of  known  older 
types  of  fossils  (those  of  the  Primordial  fauna)  had  been  discovered 
in  these  elates.  But  within  the  past  few  years,  the  number  dis- 
covered has  been  very  great.  .  -  "We  are  therefore  satisfied.  .  . 
that  the  term  Hudsos  River  group  cannot  properly  be  extended  to 
.  .  .  the  Lorrain  shales  and  the  shales  and  sandstones  of  Pu- 
laski, etc,  .  .  I  have  therefore  dropped  the  term  Hudson  River 
group  in  its  application  to  the  rocks  of  Wisconsin  which  are  of  the 
age  of  the  Lorrain  shales  of  New  York,  and  the  'blue  limestone'  of 
Ohio."     .     . 

18S4.  The  field  examination  made  in  1864  in  company  with  Sir 
W.  E.  Logan,  has  already  been  mentioned.  Ante',  p.  —  This  re- 
sulted in  the  r^oognitionof  a  wide  distribution  southward,  of  rocks 
belonging  to  the  Quebec  and  Sillery  formations.  These  identifica- 
tions were  made  in  the  midst  of  a  region  which  had  generally  been 
regarded  as  underlaid  originally  by  altered  strata  of  Hudson  Biver 

!,  in  reference  to 

the  age  of  the  mass  of  rocks  along  the  east  side  of  the  Hudson 
river,  were  found  to  be  only  partially  true.*  Later  investigation 
showed  the  existence  along  both  sides  of  the  river,  of  a  body  of 
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elates  lying  id  aDqoestionsble  oontinQity  with  th«  Loriain  Bbales 
of  the  Mohawk  valley  and  the  northwABtern  part  of  the  etate,  and 
profeeBor  Hall  thereforereclaimed  the  term  Hudson  Biver  groop 
as  appropriate.  No  particular  citations  of  reasons  assigned  is 
needed  here.  Professor  Hall  however,  still  recognized  the  exist- 
ence of  a  mass  of  slates  farther  east  in  New  York,  which  contained 
fossils  of  the  Primordial  fauna.  These,  therefore,  still  remained, 
to  validate,  as  far  as  they  coald.  Dr.  Emmons'  contention  for  the 
existence  of  a  pre-Silurian,  foseiliferous  system. 

am  WILLIAU  LOOAN. 

1845.  The  first  record  of  observations  made  by  Sir  William  Lo- 
gan on  the  range  of  rocks  here  under  consideration*,  speaks  of 
them  collectively,  as  the  "Metamorphic  Series."  But  he  recognizes 
a  lithological  and  chronological  subdivision. 

"To  the  sooth  of  the  Mattawa  and  of  the  Ottawa  in  its  continua- 
tion after  the  junction  of  the  two  streams,  important  beds  of  crys- 
talline limestone  become  interstratified  with  the  syenitic  gneiss,and 
their  presence  constitates  so  marked  a  character  that  it  appears  ex> 
pedient  to  consider  the  mass  to  which  they  belong  as  a  separate 
groap  of  metamorphic  strata,  supposed,  from  their  geographical 
position  and  general  attitude,  to  overlie  the  previous  rock  conform- 
ably. The  limestone  beds  appear  to  be  fewer  at  the  bottom  than 
at  the  top  of  the  group,  but  whether  few  or  many,  they  are  always 
separated  by  beds  of  gneiss  which  in  no  way  differ  in  constituent 
quality  or  diversity  of  arrangement  from  the  gneiss  lower  down,  ex- 
cept in  regard  to  the  presence  of  accidental  minerals,  the  moat 
common  of  which  are  garnets,"  (pp.  41,  42). 

The  facts  stated  would  seem  to  afford  but  slender  ground  for  the 
recognition  of  two  "groups." 

But  this  grouping  is  traced  over  an  extent  of  sixty-three  miles, 
when  the  result  ot  his  observations  is  expressed  in  the  following 
arrangement: 

4,  Fossiliferoas  limeatone  [with  Niagara  fossils.] 
3.     Greenish  sandstones  [of  undetermined  relations.] 

2.    Chloritic  slates  and  conglomerates  [subsequently  Huronian.] 
1.    Gneiss  (p.  67.) 

1846.  The  series  on  the  north  shore  of  lake  Superior  is  fnitbei 
described  in  the  report  ot  the  following  yearf-  The  order  ot  sac- 
cession  determined  is  given  below: 

5.  Sandstones,  limestones,  indurated  marls  and  conglomerates, 
interstratified  with  trap. 
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4.  Bluish  slates  or  shaleB,  ioterBtiaHfied  with  tr&p.  [Haroniau 
Animike.) 

3.     Chloritic  and  partially  talcose  and  conglomerate  slates. 

2.     OneiBB. 

1.     Granite  and  ayenite. 

On  these  Mr.  Logan  makes  the  following  remarks: 

"The  rock  at  the  base  of  the  series  is  a  granite,  frequently  pase- 
ing  into  a  syenite  by  the  addition  of  hornblende;  but  the  hornblende 
does  not  appear  to  be  often  present  wholly  withoat  the  mioa.  ,  . 
This  granite  appears  to  pass  gradaally  into  a  gneiss,  which  Beems 
to  participate  as  often  in  a  syenitio  as  a  granitic  quality.  .  .  The 
gneiss  is  succeeded  by  [3]  slates  of  a  general  exterior  dark  green 
color,  oEten  dark  gray  in  freab  fractures,  which  at  the  base  appear 
DceaBionally  to  be  interatrntified  with  beds  of  afeldspathic  quality, 
of  the  reddish  color  belonging  to  the  subjacent  granite  and  gneisa 

.  .  Some  of  the  beds  have  the  quality  of  a  greenstone,  others, 
that  of  a  mica  slate,  and  a  few  present  the  character  of  quartz  rock. 
Bising  in  the  series,  these  become  [4]  interBtratified  with  beds  of 
a  slaty  character,  holding  a  sufficient  number  of  pebbles  of  various 
kinds  to  constitute  conglomerates.  The  pebbles  seem  to  be  of 
various  qualities,  but  apparently  all  derived  from  hypogene  rocks, 

.  .  [Ogishke  conglomerate?]  "The  formations  which  buo- 
ce«d  [5]  rest  unconformably  upon  those  already  mentioned.  The 
base  of  the  lower  one  where  seen  [in  Thunder  Bay]  in  contact 
with  the  subjacent  green  slates  presents  conglomerate  beds,  prob- 
ably of  no  great  thickness,  composed  of  quartz  pebbles  chiefly, 
with  a  few  of  red  jasper,  and  some  of  slate  in  a  green  arenaoeouB 
matrix,  ooneisting  of  the  same  materiala  in  a  finer  condition.' 
[Afterward  "slate  conglomerate."] 

The  [6]  sandstones,  limestones,  indurated  marls  and  conglomer- 
ates, are  said  to  be  crowned  by  an  enormous  amount  of  volcanic 
overflow. 

In  the  light  of  onr  own  studieB,  it  becomes  easy  to  recognize  in 
No  3  the  rockB  of  the  Keewatin  iron-bearing  series,  represented  on 
the  Bouth  shore  by  the  Marquette  iron-bearing  series;  in  No.  4,  the 
chlorittc  diabase  slates  of  the  Thessalon  valley,  and  in  No.  5,  the 
"slate  conglomerate"  and  qnartzites  and  Trap-rocks  of  the  same 
regions,  and  the  Animike  slates  of  northeastern  Minnesota,*  while 
the  crowning  overflow  is  the  great  gabbro  sheet  so  widely  spread 
in  northern  Minnesota. 

*EiTOii«ousl]'  supposed  by  Whltae;  and  Wadsworlh  to  represent  the  OuprlferouB 
fottn&tton  of  tbe  south  shore  lAxt>le  Roda,  p.  334l.  As  the  Cupriferous  Is  with  them  of 
Potedam  age.  we  should  have  an  astoalslilDg  equlralenoy  between  the  Fotedam  saud- 
Mooe  and  the  Animike  Mock  alat«s. 


>yCOO»^IC 


114  EiaBTE£HTH  AKNDAL  HEFOBT 

It  IB  important  to  keep  in  miad  the  early  recoRQitioii  oE  an  od- 
conformity  between  tbe  two  series  of  schiHts  Xos.  3  and  4,  and  ttie 
exietenoe  of  qaartzose  pebbles  in  the  bluish  slates,*  as  in  tbe 
blackish  slates  of  the  Thessalon  valley. 

1847.  In  order  to  describe  the  groands  of  director  Logan's  de- 
terminations respecting  the  geology  of  the  region  north  of  lake  Hu- 
ron it  is  necessary  to  make  a  qaotation  from  Mr.  Morray's  report 
of  a  survey  in  1847. f 

"  The  older  groups  observed,  consist  firstly,  of  a  metamorphic 
series  composed  of  granitic  and  syenitic  rocks  in  tbe  forms 
of  gneiss,  mica  slate  and  hornblende  slate;  and  seooadly,  of 
a  stratified  series,  composed  of  quartz  rock  or  Bandstones, 
conglomerates,  shales  and  limestones.  .  .  .  On  a  cluster 
of  small  islands,  .  .  .  granite  was  found  breaking  through  the 
quartz  rock.  The  color  of  the  rock  [which  rock  ?]  was  red.  On 
one  of  tbe  islands,  quartz  rock  beds  on  opposite  sides  of  the  gran- 
ite, were  observed  to  dip  in  opposite  directions,  north  on  the  north 
side,  and  south  on  the  aonth  side,  at  an  angle  of  78°  or  80° ;  and 
in  another  of  the  inlands,  the  quartz  rock  and  granite  were  seen  in 
juxtaposition,  the  former  reclining  on  the  latter.  In  this  case  the 
qnartz  was  traversed  by  several  trap  dikes  running  slightly  oblique 
to  the  strike,  while  granitic  veins  ran  transversely  through  the 
whole,  and  were  cnntinaed  through  the  main  body  or  nucleus  of 
the  granite,  the  one  granite  being  distinguishable  from  the  other 
notwithstanding  the  red  color  of  both,  by  the  finer  textnre  of  tbe 
veins"  (pp.  112,  113). 

This  is  the  earliest  description  of  a  portion  of  tbe  rocks  in  what 
was  to  become  "  the  original  Huronian  region."  Au  examination 
of  the  statements  made  by  Mr.  Murray  justifies  tbe  conclusion 
that  the  rocks  described  correspond  to  the  '  upper  group '  fonnd 
by  Logan  on  the  north  shore  of  lake  Superior.  Bat  it  will  be 
seen  Ihat  Logan  parallelizes  them  with  the  metamorpkic  series  of 
the  north  shore,  without  paying  due  regard  to  tbe  unconformity 
which  be  has  described  running  between  the  upper  and  lower 

•Tli(«p  nrp  (li'sprihcd  anhlntk  nralllQceous  Hlutoa  hy  Mr.  Alexander  Murray  (sam*  re- 
port, pp,  Sl-a)  Aflvr  iioiloliig  till- two  grouiis  mid  lbeslruol.iirallyeoii/ormnW<pussttKe 
(if  the  liiwur  laUi  llio  boltoni  Ktivbiscs,  he  Ruysof  llie  upper  (black  arfclltnreous  sla(MI 
"Tho  buw  or  tlilH  foriiialloii  .  .  .  was  obsBrvod  on  the  Kaiulnlstlqulu.  DearUie 
Orand  FallH.  Ittimniedlatu  Junction  with  the  rock  on  which  It  n>pusea  nas  oonc«aled 
from  view,  hut  appi'ars  t«  bo  lni)lcut«d  hy  tho  position  ot  a  small  lakp  or  pood  occut^ 
ring  Just  helow  thp  siTimd  portage,  and  the  marshy  ravlnea  which  run  from  1(  In  tha 
direction  of  the  sirlkoon  each  side.  TIib  slates  visibly  rcnch  to  within  a  short  dis- 
tance of  tho  pond,  probably  brought  Into  placu  against  the  isyenlteby  a  dislocation. 

t  Murray,  Kfporto/  Prognia  for  1^7-8. 
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gronpe.  ThoB,  in  reference  to  the  seooud  serieB  of  Mr.  Morray, 
he  writeB  in  1848  :  * 

"The  eeries  o(  rocks  occapying  this  oonntry  form  the  connecting 
link  between  lakes  Hnron  and  Soperior  to  the  vicinity  oE  Sheba- 
wenahning,  a  distance  of  120  miles,  with  a  breadth  in  some  places 
of  ten,  and  in  others  exceeding  twenty  milee,  and  it  appears  to  me, 
mnet  be  taken  as  belonging  to  one  formation ;  on  the  west  it  seems 
to  repose  on  the  granite  which  was  represented  in  my  report  on 
lake  Superior  as  mnning  to  east  of  GroB  Cap,  north  of  Sanlt  Ste. 
Marie  ;  on  the  east,  the  same  anpporting  granite  wae  observed  by 
Mr.  Murray,  north  of  LaGloeh«,  between  three  and  Eunr  miles  in  a 
straight  line  up  the  Biri6re  an  Sable,  .  .  .  and  again  aboat  an 
eqnal  distance  ap  another  and  parallel  tributary,  ...  in  both 
oases,  abont  ten  miles  from  the  coast.  ...  In  respect  to  the 
geological  age  of  the  formation,  the  evidence  afforded  by  the  facts 
collected  lost  year  by  Mr.  Murray,  ...  is  clear,  satisfactory, 
and  indisputably  conclusive.     .  The  chief  difference  in  the 

copper-bearing  rocks  of  lakes  Huron  and  Superior  seems  to  lie  in 
the  great  amount  of  amygdaloidal  trap  present  among  the  latter, 
and  of  white  quartz  rook  or  sandstone  among  the  former.  But  on 
the  Canadian  side  of  lake  Superior,  there  are  some  considerable 
areas,  in  which  important  masses  of  interstratified  greenstone  ez> 
iet  without  amygdaloid,  [this  is  the  'upper  group']  while  white 
sandstones  are  present  in  others,  as  on  the  south  side  of  Thnnder 
Bay,  though  not  in  the  same  state  of  vitrification  as  those  of  Hu- 
ron. Bat  notwithstandicg  th^e  differences,  there  are  saoh  strong 
points  of  resemblance  in  the  interstratification  of  igneous  rocks, 
and  the  general  mineralized  conditioQ  of  the  whole,  as  to  render 
their  positive  approximate  equivalence  highly  probable,  if  not  ab- 
solntely  certain  ;  and  the  conclusive  evidence  given  of  the  age  of 
the  Hnron,  would  thus  appear  to  settle  that  of  the  lake  Superior 
rocks,  in  the  position  given  to  them  by  Dr.  Houghton,  the  late  state 
geolc^fist  of  Michigan,  as  beneath  the  lowest  known  fossiliferons 
depcsite,  a  position  which,  as  will  be  seen  by  a  reference  to  the 
Report  of  Progress  I  hod  the  honor  to  submit  to  your  Excellency, 
in  1846,  appeared  to  me  to  derive  some  support  from  evidences  on 
the  Canadian  side  of  lake  Superior  itself." 

The  positive  error  embodied  in  the  foregoing  paragraph  is  the 
attempt  to  parallelize  the  Huron  rocks  with  a  series  of  Superior  rocks 
which  consists  of  two  groups,  and  then  having  shown  the  parellel- 
ism  with  the  higher  group,  the  drawing  of  inferences  touching  a 

•  Repntt  on  «K  north  ihiirf  if  Jxikr  Huron.  Dec  2fl.  I8JB.  pp.  8, 0. 19,  SO. 
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third  geological  region  whicli  are  valid  only  in  reference  to  the 
lower  Superior  group. 

The  foregoing  citation  from  the  report  of  1818,  was  embodied  in 
a  oommaDic&tion  made  by  director  Ixtgan  to  the  British  ABeocia- 
tion  in  1851.*  Bat  in  plaoe  of  the  last  part  of  the  last  sentenoe, 
we  find  the  following:  "and  in  this  aeqaenoe,  those  [rocke]  of  Lake 
Huron,  if  not  those  of  Superior,  would  appear  to  be  contempor- 
aneooB  with  the  Cambrian  seriee  of  tiie  Britieh  Isles."  In  the 
next  paragraph,  he  says  the  iJower  SilnriEin,  on  the  lower  St 
Lawrence,  "appears  to  rest  npon  gneiasoid  rooks,  withont  the  in- 
tervention of  the  Cambrian"  (Amer.  Jour.  L%t.,  1.  o.,  p.  226;)  and 
in  the  next,  he  nses  the  phrase,  "Cambrian  formation  of  Lakes 
Hnron  and  Superior"  (p.  227),  and  the  same  again  on  the  next 
page.  It  is  clear  then,  that  in  1851,  Sir  William  Logan  considered 
the  rocks  on  the  north  shore  of  lake  Huron  as  equivalent  to  the 
Cambrian  of  Sedgwick. 

18i8.  We  mast  again  cite  from  Murray,  as  it  appears  that  direc- 
tor Logan's  jadgments  were  largely  based  on  assistant  Marray's 
facte.  In  the  report  for  1848-9,  after  describing  the  country  along 
the  Spanish  river,  he  says: 

"The  geologioal  formations  met  with  in  the  region  thus  describ- 
ed, may  be  arranged  in  two  groups,  one  of  which  appears  to  be 
nearly  allied  to,  and  the  other  identical  with,  the  older  rooka  of 
whioh.mention  was  made  in  my  report  of  1847-8.    They  are 

2.    Quartz  rock  group. 

1.    Granitic  or  Metamorphio  group. 

Mr.  Murray,  in  deecribiog  the  lower  group,  mentions  only  grani- 
toid rocks.  He  says:  "The  constituent  minerals  were  usually 
those  of  granite  or  syenite,  or  a  mixture  of  both.  .  .  A  gneissoid 
strnotareAvas  observed  on  one  or  two  oooasions,  .  .  but  obscure 
and  ill  defined."    Speaking  of  the  "Quartz  rock  group,"  he  says: 

"The  rocks  of  this  group,  where  they  came  under  our  observa- 
tion, like  those  examined  the  previous  season,  were  found  to  be 
partly  of  aqueous  and  partly  of  igneous  origin."  After  describing 
the  gnartzose  members,  he  speaks  of  the  slate.  "The  slates  were 
gray,  green  or  blackish  in  color,  and  were  usually  more  or  lees 
silioioaa,  and  frequently  very  micaceous.  .  .  The  more  purely 
argillaoeons  portions  of  the  slate  were  generally  black  or  of  a  very 
dark  brownish  tinge,  and  in  these  a  very  symmetrical  jointed 
structure,  dividing  the  rock  into  rhombohedral  forms  of  conmder- 
able  regularity,  was  frequently  recognized.    The  slates  were  vwy 
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olten  obflerred  to  pass  into  s  oooglomerate,  holding  pebbles  d 
fraoite  and  syenite  chiefly,  varyiog  in  diameter  from  an  eighth  of 
ma  inch  to  a  foo^  and  imbedded  in  a  black  argillaceoua  matrix" 
if.  37.) 

No  one  who  has  seen  Logan's  slate  oongtomeratee  in  the  valley  of 
4be  ThesaaloD,  can  fail  to  recognize  the  identify  oE  the  argillaoeons 
-fllates  described  by  Mr.  Murray. 

1849.  In  the  report  for  1819-50,  director  Logan  describes  the 
lEeology  aboat  Bay  St.  Fanl  and  Mnrray  bay.  He  classifies  the 
ffooks  as  follows: 

4.     Bituminous  limestone  (Trenton.) 

3.    Oalciferons  sandrock. 

2.    White  quartz  rook  (Potsdam  sandstona) 

1.    Meiamorpbio group  (p.  8.) 

Beferring  to  the  "Metamorphic  groap,"  he  states  that  the  prBvail- 
ing  rook  of  the  country  is  gneiss,  sometimes  of  s  granitic  and  some> 
times  of  a  syenitio  character.    After  careful  local  details,  he  says: 

"The  gneiBB  of  this  district  belongs  to  that  metamorphic  gronp 
of  rooks,  which  in  previooe  reports  has  been  described  aa  existing 
-on  the  Ottawa,  and  as  traceable  thence  .  .  to  Cape  Tonrmente 
below  Qoebec.  .  .  None  of  the  highly  crystalline  limestones 
which  on  the  Ottawa  are  bo  marked  a  feature  of  the  group,  were 
'Observed  in  the  region  ander  attention." 

This  fact  gives  support  to  the  soggeation  of  Whitney  and  Wads- 
worth  that  the  Laurentian  limestones  may  be  mere  aegregatitULB, 
instead  of  extensive  strata. 

A  white,  translucent,  slaty  quartz  rook,  rendered  oleavable  by 
the  presence  of  silvery  mica,  but  seen  only  at  three  points,  directly 
overlies  the  gneiss.  "There  appears  to  be  little  doubt  that  this  rock 
is  equivalent  to  the  Potsdam  sandstone  of  New  York"  (p.  10.) 

1S51.  This  year  director  Logan  and  assistant  Murray  examined 
■different  portions  of  the  district  between  the  Ottawa  and  the  St. 
Lawrence.  Mr.  Logan  describes  the  Potsdam  sandstone  aa  re- 
posing nnoonformably  on  the  "Metamorphic  or  gneisaoid  group" 
■(p.  6.)  The  character  of  this  "group"  may  be  learned  from  Mr. 
Murray's  description  of  the  geology  of  Bigand  moantsiu  {Report 
of  Progress .  p.  63.)  After  speaking  of  the  ooonrrence  of  gneisses, 
he  says: 

"These  beds  are  interstratified  with  others  of  a  different  charac- 
ter; one  set  is  composed  of  email  oleavable  forms  of  black  horn- 
blende and  grains  of  translacent,  yellowish- white  feldspar,  w<>ather- 
ing  opaqne-white,  and  crystals  of  brown  mioa.  Another  coneistB 
of  grayish-green  deavable  pyroxene,  with  individuals  of  greenish 
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feldspar  weathering  white,  and  largely  diBsetumsted  grainB  of 
mt^^etic  iron;  and  a  third  consists  of  translaceot  albite,  with  block 
iiomblende  and  magnetio  iron  ore  disseminated,  alternating  with 
micuceoDB  layers.  All  these  beds  are  interseoted  by  tranaverae 
dykee,  some  of  which  are  fine-grained,  grayiah-black  trap,  probably 
a  greenstone  with  disseminated  grains  of  calo-spar,  while  othera 
are  porphyritio,  having  a  fine  grained  blaokish-green  base,  with 
indiTidoals  of  greenish  white  feldspar"  (pp.  63-64) 

This  passage  soonds  very  nnlike  the  deeoriptionB  of  the  rooks 
aboot  Spanieh  and  Theeealon  rivers.  Bat  these  are  the  loeks 
which  in  the  Seigniory  of  Bigand,  rest  directly  upon  the  ftneieses. 
It  is  farther  stated  (pp.  60,  65,)  that  at  the  base  of  71  feet  of  sand- 
stone, on  Blnff  island  in  Charleston  lake,  is  a  "red  taloo-qnartzose 
rock  of  the  Metamorphio  series."  No  snoh  rock  is  described  in 
the  region  north  of  lake  Haron.  There  is  reason  to  suppose  an- 
other gronp  of  rooks  rests  in  this  region  in  a  position  between  the 
gneiss  and  the  "Huron  rocks." 

Of  the  deeper  gneisses  Mr.  Morray  supplies  some  interesting 
information: 

"Neur  Furnace  Falls,  on  the  second  lot  of  the  eighth  conceesion  of 
Landsdowne,  there  is  s  considerable  display  of  crystalline  lime- 
stone, holding  as  usual,  spangles  of  graphite  and  mica,  with  grains 
of  quartz.  .  .  Crystalline  limestones  are  also,  extensively  ex- 
hibited in  the  neighborhood  of  Beverly,  township  of  Bastard,  and 
Newboro'  in  soath  Crosby.  Their  color  iBueoally  white,  but  some- 
times grayish-white,  or  white  with  gray  bars  or  stripes.  Small 
scales  of  graphite  are  invariably  disseminated  through  the  lock, 
with  serpentine,  mica  and  iron  pyrites.  .  .  The  texture  of  the 
limestones  in  nanally  ooarse.  .  .  Nodular  masses  of  vitreous 
white  quartz,  anrroDuded  with  thin  layers  of  brown  mica,  and  both 
enclosed  in  foliated  green  pyroxene,  are  met  with  in  some  of  the 
beds.  .  .  On  the  twenty-fourth  lot  of  the  tenth  conceesion  of 
Bastard,  there  is  an  anmistakable  bed  of  oonghmeraie,  interstn^- 
fied  between  two  beds  of  highly  crystalline  limestone,  showing  the 
sedimentary  origin  of  the  Metamorphio  series.  The  following  is 
a  oondeneed  statement  of  the  section  given  (p.  62. ) 

7.    Crystalline  limestone,  white,  coarse-grained,  6  ft 

6.    Crystalline  Hmeetone,  fine,  very  hard,  bluish-gray,  4in. 

5.    Calcareons  sandstone,  fine-grained,  2  in. 

i.  Coarse  conglomerate.  The  pebbles  are  fiat  and  lie  on  their 
sides,  etc.,  1ft.  6 in. 

3.  A  calcareons  aggregate  of  quartz,  with  feldspar,  oalc  spar 
and  scales  of  graphite,  2in. 
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2.  Aq  aggregste  of  oolorleas,  traoBlnoeat  quartz,  with  feldspar 
and  patches  of  greeniBh,  ohloritic  limestone,  vith  brown 
mioa,  4iQ. 

1.     Fare  white,  highly  orystallinB,  ooarss  limestone,  6ft. 

18511.  Director  Logan  returns  to  an  exposition  of  the  rooks 
north  of  lake  Hnron,*  and  states: 

"On  Lake  Haron,  the  Lower  Silnrian  gronp  rests  unoonfonua- 
bly  npon  a  silioiooe  series,  with  only  one  known  band  of  limestoD^ 
•boat  150  feet  thick,  with  leaves  of  chert  in  abundance,  bat  as  yet, 
without  disooTered  foesila.  This  series  is  supposed  to  be  of  the 
Oambrian  epoch.  It  comprehends  the  Oopper-bearing  rooks  of 
iliat  district,  and  with  its  igneous,  interstratiGed  masses,  has  a 
thickness  of  at  least  10,000  feet.  The  gneissoid  group,  of  which 
mention  is  made,  is  probably  still  older  than  this.  Its  conditions 
■appear  to  me  to  make  it  reasonable  to  suppose  that  it  consists  of 
oqaeoos  deposits  in  an  altered  state." 

185i.  The  first  annonnoement  of  the  term  Laarentian,  as  the 
■deaignatioD  of  a  series  of  rocks,  was  made  in  1854.t 

"The  name  which  haa  been  given  in  previous  reports  to  tha 
rooks  underlying  the  fossiliferous  limestones  in  this  part  of  Gao- 
ada,  is  the  "Metamorpbic  series;"  but  inasmooh  as  this  is  applica- 
ble to  any  series  of  rocks  in  an  altered  coiidition,  and  might  oe- 
-oasiou  confusion,  it  has  been  considered  expedient  to  apply  to 
them  for  the  future,  the  more  distinctive  appellation  of  the  Lauren- 
Han  seriea.X  a  name  founded  on  that  given  by  Mr  Gameau,  to  the 
■chain  of  hills  which  they  compose." 

In  the  same  report,  Mr.  Murray,  writing  of  the  region  between 
lake  Ontario  and  lake  Simcoe,  sapplies  a  general  description  of 
the  Lanrentian  seriee,  in  these  words: 

"They  consist  of  masses  of  micaceous  and  homblendio  gneiss, 
and  mssses  of  crystalline  limestone  interstratified  by  gneiss.     In 

•Quar.  Jour.  OtoL  Six.,  vltl,  210. 1X2. 

tBeport  of  Prognta,  OaAoQ.  Surv.  Canada,  /or  tht  i/ear  ISS2-3,  Quebec.  ISM,  p.  B. 

tTbe  t«rm  "Laurentian"  had  alreodf  been  applied.  In  18S1.  by  Edward  DeaoT,  to  Iba 
toaBlllterouB  murlae  Drift  or  tbe  valley  ot  tbe  Ht.  LanreDoe  river  (Proa.  BoKtonSoa. 
JVot.  Htet.,  Feb.  ISBDdMarahfi.  1«3I.  vol.  IV,  pp.  20.  33,)  It  wbh  also  published  In  tha 
BuBetinof  Ok  OaAoglaa  Soelctif  n/ fVanMln  the  samo  year  and  InlBO^;  in  the  Neuea 
.Jahrbucti  (or  IKiS;  and  la  Thompsun's  Nnlural  Blatory  of  Vermont,  In  I8S3, 

Tha  term  "Algonquin  tercane"  was  also  preoccupied  by  Doaor.  In  1S51.  as  the  deals- 
nation  or  the  freah-walflr  deposits  about  the  Great  LakeH,  to  which  O^  B.  Hitchcock 
«nd  J,  D,  Dana  have  Binoe  applied  the  term  Champlaln.  The  name  "Algonklsn"  hu 
beeo  (Id  18891  propoaed  by  C.  D.  Walcott,  tor  all  the  sub-Cambrian  deposits  down  to  the 
topof  the  Grystalllne  acblata.  TbuB  a  notable  parallelism  exlsta  In  the  fortune!  of 
tbe  two  terms  propoaed  by  Deaor.  tor  two  distinct  members  ot  tbe  Qaatemary. 

IiV)r  a  history  of  the  use  of  the  term  "Laurentlan  as  applied  to  a  Quaternary  torrane," 
■m^Joeepti'P.  jAmea  la  American  OtOUtalrt.  ,Iaa.  IBM.pp.  SO-aH;  also  O,  H.  Hit^hooeit,  la 
.AtMTlean  GeofogM,  April  1800.  and  Jules  Marcou,  In  Ameriran  OeotogM,  vol.  VI,  p,  H. 
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the  great  masBes  of  gneiss,  the  prflTailiDg  color  appears  to  be  red- 
dish, bat  they  are  frequently  striped  with  interstratified  bands  of 
gray,  the  reddish  part  taking  its  general  aspect  from  the  reddish 
feldspar  which  is  the  prinoipal  constitaent,  while  the  gray  is 
ohiefly  made  ap  of  small  grains  of  white  quartz  and  feldspar,  with 
small  scales  of  black  mica,  and  occasionally  grains  of  black  horn- 
blende. .  .  Beds  also  occur  of  which  almost  the  only  oonstiU 
uent  is  white  goartz,  and  these  often  alternate  with  thin  layers  of 
yellowish  white  feldspar,"   (pp.  81,  82). 

YariooB  beds  of  crystalline  magoesian  limestone  are  deBoribed: 
— One  on  Eel  lake  30  feet  thick,  and  several  other  exposures  on 
the  same  lake  (pp.  83,  84) ;  another  on  Long  lake,  Beventh  lot  of 
ninth  oonceBsion  (with  little  magnesia),  with  apatite,  ailvery  mica 
and  graphite,  and  a  tew  grains  of  rose-ooloied  quartz,  an  1  some 
green  serpentine;  another  below  this,  on  Gold  lake,  with  abundant 
grains  and  nodules  of  greenish  serpentine;  another,  still  lower,  of 
white  dolomite,  with  pinkish  Btroika  and  spots,  with  grains  of 
quartz  and  serpentine  (p.  84).  Many  other  exposures  are  describ- 
ed, of  similar  general  character.  "Southwest  from  the  Qold  Iiake 
limestone,  in  the  oontinuation  of  the  general  strike,  an  exposure 
was  met  with  on  the  fourth  lot  of  the  eighth  oOnoeBsion.  .  . 
From  the  Tioinity  of  this  exposure,  orystalline  limestone  is  trace- 
able, emerging  from  beneath  the  foBsiUterons  formatione  for  a 
mile  and  a  half  (p.  8S). 

If  then  these  UmeatoaeB  are  "low"  in  the  gneiseio  series,  an  00- 
onrrenoe  so  near  the  foasiliferous  limeatones  would  imply  the 
absence  of  a  large  part  of  the  gneissic  and  the  whole  of  the 
Bohistio  rocks. 

At  an  exposure  on   Birch  lake,  Mr.  Murray  measured  a  sectionr 
of  which  the  following  is  a  synopsis:  (p.  89.) 
11.    Mica  slate,  fine,  with  bands  of  coarse,  disintegrating 

limestome 86fL 

10.    Limestone,  coarse,  disintegrating 40 

9.    Feldspatbio  quartz  rook  and  ooarse  disint^rating 

limestone 50 

8.    Bed,  termginoua  mass,  of    breooiated  appearance 

[See  also  p.  94] 10 

7     Crystalline  limestone,  coarse,  disintegrating 30 

6.     Crystalline  limestone,  coarse,  with  graphite  Dodoles 

and  angular  fragments  of  quarts 100 

5.     Concealed  from  riew ; 231 

4.    Gneiss,  mostly  quartz,  some  black  and  brown  mica 

and  abundant  garnets  [Not  very  good  gneiss] . . .  260 
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3.    White  qnartz  ftnd  fine-grained  feldspar  alternating.  130 

£L    Supposed  to  be  ofaiefly  mioa  sobist 300 

1.    Gneise,  red  and  gray,  thin  bedded,  with  layers  of 

mioa  schist 132 

1369 

ld&7.  The  reports  of  the  Canadian  survey  for  1853,  '54.  '55,  '56 
were  not  printed  until  1857.*  In  Murray's  reports  for  1853  and 
1354,  he  desoribes  the  oonntry  between  Georgian  bay  and  the  Ot- 
tawa river.  "The  Laurentian  series"  ooottpies  most  of  the  coun- 
try. He  speaks  of  gneiss  in  allemaiion  with  mica  slate.  Some 
highly  garnetifeioos  portions  are  mostly  an  aggregation  of  granu' 
lar  quartz.  He  speaks  also,  of  a  black  rock  composed  chiefly  of 
hornblende,  with  some  black  mica  (pp.  89,  90.)  A  fine  grained 
red  rook,  supposed  to  be  intrusive  (p.  90)  is  spoken  of,  and  beds  of 
limestoneara  particularly  located  (pp.  91, 92,  93.)  Bands  of  lime- 
stone are  found  about  lake  Nipissing  (pp.  121,122,123.)  The 
"liaurentian  series"  of  lake  Nipissing  is  farther  described  in  Mur- 
ray's reports  for  1855  and  1856  (Bep.  1857,  pp.  140.3.) 

"Among  the  boolders  on  lake  Nipissing"  says  Mr.  Murray,  at 
the  end  of  the  report  for  1856 — printed  in  1867,  "many  were  ob- 
served to  be  of  a  slate  conglomerate,  and  they  were  frequently  of 
very  great  size;  in  their  aspect  and  general  character,  these  have  a 
very  strong  resemblance  to  the  slate  conglomerate  of  the  Huron- 
ton  series.t  from  which,  iu  all  probability,  they  are  derived"  (p. 
125.)  In  the  report  for  1856,  he  speaks  of  the  bowlders  of  met- 
amorphio  rooks  as  derived  from  the  Laurentian  and  Huronian 
formations  on  the  north  shore  of  lake  Huron  (p.  134. ) 

In  reference  to  the  red  rock  first  mentioned  in  the  report  for 
1853,  (p.  90,)  he  says: 

"At  Grand  Kecollet  Fall,  in  the  north  channel  of  the  French 
River,  and  in  the  south  channel  about  two  miles  southeast  from 
them,  the  rock  is  of  a  brick  red  color,  without  any  distingaishable 
lines  or  layers  of  stratification.  It  was  supposed  to  bo  an  intm- 
rave  syenite,  and  with  a  general  breadth  of  from  one  to  two  miles, 
its  coarse  appeared  to  be  M.  N.  W.  and  S.  a  E.,  (141,  142.) 

*ThB  volume  printed  In  1B3T,  of  4AI  pages,  contains  Foports  uf  Murray  und  Hunt  tor 
I6S3,  ISH.  IMS,  and  laU.  and  repurtsol  Hr.  Blllinfts  and  Mr.  Ulohurdson  tor  ISH. 

rriiB  term  "Huronian"  Is  evldentl;  employed  In  this  pla™.  as  a,  Keogmphlcal  deslg- 
DatlOQ,  rather  than  the  name  ot  a  woll-uonsldered  bliitorlcal  assemblage  of  rocks  oo- 
cnrrlDgiD  the  Huronian  area  und  elsewhere.  SyBtemlpally,  theite  rooks  were  underBtood 
by  SlrWllIlam  Logan,  aahe  tells  UB,  to  belong  to  tbBOamhrlnn  (See  ante,  p.  lie,  ISKi,  In  itep- 
for  ISM.)  It  will  be  remembered  also,  tbat  Emmona  had  deolared  that  they  fall  with' 
iDthellmltBoI  the  Taconlc  (See  ante.  p.  82.1860.  p.  181)  and  It  does  nut  appear  that  tbe  lu- 
■tetance  upon  the  use  of  t«rm  Huronian  has  been  formally  defended— a  l&ok  ot  any 
attempt  atlustiaoatloD  whloh  Is  explalnvd  onlj  by  the  apparent  assumption  that  the 
claliDB  of  Taconio  wore  too  preposterous  to  merit  consideration. 
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Director  Logaa,  in  a  note,  soggeets  the  resemblBooe  of  thia  red 
'ock  to  some  of  the  liarder  kinds  of  the  laterite  rook  of  the  East 
Indies.  He  cites  Pr.  Clarke,  as  oonclnding,  in  1838,  that  it  resnlts 
from  decomposed  syenite  or  bombleadio  gneiss.  "  The  Canadian 
rook,"  Mr.  Logan  adds,  "  seems  to  be  a  syenite  in  an  incipient 
state  of  decomposition." 

In  his  report  for  1856,  dated  let  March,  1857,  Mr.  Morray,  speak- 
ing of  the  "distribution  of  the  rock  formations"  between  lake 
Nipissing  and  lake  Huron,  says  : 

"The  rooks  of  the  region  explored  daring  the  season,  embrace 
two  of  [he  oldest  recognized  geological  formations,  the  Laorentian 
and  Haronian  ;  the  rocks  of  the  latter  and  more  recent  of  which, 
have  been  observed  to  pass  nnoontormably  below  the  lowest  of  the 
fossiliferous  strata  of  the  Silnrian  system.  The  contorted  gDeiss 
of  the  Laorentian  series,  with  its  asBooiated  micaoeous  and  horn- 
blendio  schists,  spreads  over  the  country  to  the  south  and  east, 
while  the  slates,  conglomerates,  limestone,  qnartzyte  and  greenstone 
of  the  Hnronian,  occupy  the  north  and  western  part"  {p.  168). 
The  boundary  between  the  two  coincides  approximately  with  the 
White  Fish  river.  The  immediate  contact  was  nowhere  distinctly 
seen  (168,  171).  In  passing  "from  the  lower  to  the  higher  forma- 
tion, a  mass  of  rather  coarse  grained  greenstone  was  generally  met 
with."  Mr.  Murray  gives,  with  many  donbts,  an  approximate  sec- 
tion of  the  Hnronian  series  (p.  172),  from  which  the  following 
statement  (omitting  interpolated  trap  beds)  is  condensed: 

6.  Quartzyte,  white  and  very  pale  sea-green,  with  beds  of  qnartz 
conglomerate,  the  pebbles  generally  white  opaque  qnartz, 
but  sometimes  red  and  green  Jasper. 
5.  Green,  silioioas,  cbloritic  elates,  and  bands  of  qnartzyta 
4.  Slate  conglomerate. 
3.  A  band  of  limestone,  much  disturbed,  often  brecciated,  pale 

whitish  gray  to  dark  bine. 
2.  Slate  conglomerate,  matrix  always  greenish,  sometimes  slaty, 
sometimes  resembling  a  massive,  fine  grained  greenstone; 
with  many  pebbles  of  white  and  red  syenite,  and  occa- 
sional rounded  masses  of  green,  brown  and  red  jasper. 
1.  Slate,  fine  grained,  green,  siliciona  with  thin  bands  of  green 
quartzyte ;  also,  fine  grained  slates,  sometimes  greenish, 
often  bluish  or  black,  weathering  very  black;  occasionally 
some  layers  of  a  reddish  color. 
The  total  thickness  is  supposed  to  be  about  lO.OCK)  feet  (p.  186). 
The  dips  of  the  rocks  of  this  series  are  generally  nnder  45°,  but 
they  locally  vary  from  horizontal  to  90^.     The  strikes  vary  from 
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«ast  northesBt  to  west  northwest.  It  appears  to  be  a  region  of  gen- 
eral. diBtarbance.  "  An  immeiiBe  maes  of  mt^etic  trap"  was  found 
on  White  Fish  lake.  This  is  aboat  midway  between  lake  Wah- 
napitffi  and  island  La  Cloche  in  lake  Haron,  thia,  acoording  to 
Hnnt's  analysis,  oontaina  "  magnetic  iron  ore,"  magnetic  iron  py- 
ritea"  and  "  titaniferoos  iron."  These  facts  remind  one  of  the 
titaniferoos  and  magnetic  gabbro  of  northeastern  Minnesota- 
lomestonfiB  are  seen  on  the  shore  of  lake  Fanaohe  (p.  183).  The 
eastern  extremity  of  the  La  Cloche  moantains  is  in  a  white  or 
greenisb  quartzyte  (p.  185). 

Director  Logan's  report  dated  3d  March,  1657,  after  eammarizing 
the  work  of  Mr.  Morray  for  the  last  fire  years,  proceeds  to  trace 
the  limestone  beds  of  the  "  Lanrentian  Formation"  in  the  neighbor- 
hood of  Orenville  and  the  Calamet  river. 

Id  a  paper  read  before  the  American  Association,  in  Angnat, 
1857,*  by  Bir  William  E.  Logan  "On  the  Division  of  the  Azoic 
Bocks  of  Canada,  into  Huronian  and  Liarentian,"  he  speaks  of 
them  confidently  as  "  a  series  of  very  ancient  sedimentary  deposits 
in  an  altered  condition."  He  refers  to  his  snggestion  of  1815,  to 
separate  the  purely  gneiesoid  portion  from  the  portion  consisting 
of  interstratified  gneisses  and  limestones,  but  says  the  evidence 
does  not  permit  him  to  decide  certainly  which  division  is  most 
ancient. 

He  next  refers  to  what  was  published  in  the  report  of  18^,  rela- 
tive to  the  rooks  on  lake  Temiscaming,  consisting  of  ailicions  slates 
and  slate  conglomerates,  overlaid  by  pale  sea-green  or  slightly 
greenish-white  sandstone,  with  qnartzoss  conglomerates.  The 
slate  conglomerates  are  described  as  holding  pebbles  and  bowlders 
(sometimes  a  foot  in  diameter)  derived  from  the  subjacent  gneiss, 
the  bowlders  displaying  red  feldspar,  tranelncent  quartz,  green 
hornblende  and  black  mica,  arranged  in  parallel  layers  which  pre- 
sent directions  aocordinff  with  the  attitnde  in  which  the  bowlders 
were  accidentally  inclosed.  From  this  it  is  evident  that  the  slate 
conglomerate  was  not  deposited  nntil  the  subjacent  formation  had 
been  converted  into  gneiss,  and  very  probably  greatly  disturbed  ; 
for  white  the  dip  of  the  goetss,  np  to  the  immediate  vicinity  of  the 
slate  conglomerate,  was  usually  at  high  angles,  that  of  the  latter 
did  not  exceed  nine  degrees,  and  the  sandstone  above  it  was  nearly 
horizontal" 

"In  the  Beport  transmitted  to  the  Canadian  Government  in  1848, 
on  the  north  shore  of  Lake  Huron,  similar  rocks  are  described  as 

•  Pror.  Amer.  Attm:  Adv.  Sel..  18S7.  II.  pp.  M-47. 
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ooastitatiDg  the  gronp  vluah  is  rendored  of  aaeh  eoonomio  import- 
anoe  firom  its  association  with  copper  lodeci.  This  groap  oonBists 
of  the  same  silicioOB  slate  and  slate  eoDglomerates,  holding  pebbles 
of  Bf  euite  instead  of  gneiss;  similar  sandstones  [qaartzites?]  some- 
times showing  ripple  marks,  some  of  the  sandstones  [qaartzites?] 
pale-red  green,  and. similar  qnartzose  conglomerates,  in  which 
blood-red  jasper  pebbles  become  largely  mingled  with  those  of 
white  quartz,  and  in  great  moantain  masses  predominate  over 
them.  Bat  the  series  is  here  maoh  intersected  and  interstratiSed 
with  greenstone  trap,  which  was  not  observed  on  Lake  Temisoam- 
ing.  These  rocks  are  traced  along  the  north  shore  of  Lake  Huron 
from  the  vicinity  of  the  Sault  Ste  Marie,  for  120  miles  east"  Sir 
William  Logan  oontinaee,  and  indicates  the  existence  of  the  same 
formation  northeastward  130  miles  farther,  ancl  as  far  as  the 
Sturgeon  river.  The  general  bearing  is  northeast,  and  the  ^  dip 
appears  to  be  almost  northwest 

It  would  be  erroneoaa  to  sappose  that  director  Logan  intended, 
in  the  foregoing  citation,  to  say  that  the  gneiss  is  immediately 
"subjacent"  to  the  slate  conglomerate  containing  gneissic  'pebbles. 
No  contact  between  the  slate  conglomerate  and  the  sabjacent 
gneiss  had  been  reported  and  it  was  impossible  to  affirm  that  the 
formation  here  described  was  chronologically  sucoeBsive  to  the 
gneiss. 

"The  group  on  Lake  Huron,"  he  continaea,  "we  have  computed 
to  be  aboat  ten  thousand  feet  thick,  and  from  its  volume,  its  dis- 
tinct litholc^oal  character,  its  clearly  marked  date  posterior  to  the 
gneiss,  and  its  economic  importance  as  a  copper-bearing  forma- 
tion, it  appears  to  me  to  require  a  distinct  appellation,  and  a  sep- 
arate color  on  the  map.  Indeed,  the  investigation  of  Canadian 
geology  could  not  be  conveniently  carried  on  without  it.  We  have, 
in  consequence,  given  to  the  series,  the  title  of  Hurontan." 

"A  distinctive  name  being  given  to  this  portion  of  the  Azoic  rock, 
renders  it  neoeesary  to  apply  one  to  the  remaining  portion.  The 
only  local  one  that  would  be  appropriate  in  Canada  is  that  derived 
from  the  Lanreutide  range  of  Mountains,  which  are  oompobed  of  it 
from  Lake  Huron  to  Labrador.  We  have  therefore  designated  it 
as  the  Laurentian  series.* 

Thus  a  new  meaning  was  given  to  the  term  "Laurentian  series," 
which,  since  1854,  had  included  all  the  Azoic  rocks. 

At  the  same  meeting  of  the  American  Association,  Sir  William 
Logan  read  a  paper,  "On  the  probable  subdivision  of  the  Lanren- 

*See  also.  Cofladion  Journal.  1%T.  U,taO-44Z:  Canadian  NattimtMand  Gtologbt,  1857,11. 
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tian  BerieB  of  rooks  in  Guiada."*  Ha  described  two  beds  of  lime- 
stone which  he  had  traced  in  the  township  of  Q-renville,  on  the 
Ottawa,  nmmng  N.  N.  E.,  with  indications  that  they  belong  to  op- 
posite sides  of  an  oTertnrned  synclinal,  with  anticlinals  of  gneiss 
and  quartz  ronning  parallel  on  the  north  and  the  soath.  A  teat- 
nre  of  these  and  other  outcrops  of  limestone  "is  the  oconrrence  im- 
mediately near  the  limestones,  of  immense  masses  of  lime-feld- 
spar. North  of  the  Argentenil  band,  eight  miles  examined  across 
the  stratification,  consist  almost  entirely  of  i^  in  the  form  of 
Labradorite.  .  .  Lime-feldspar  is  abundant  at  St.  Jerome,  and 
its  stratified  character  is  conspioaonsly  displayed — the  beds  mn- 
ning  parallel  with  the  limestone.  Mr.  Hont  has  traced  a  band  of 
oryetalline  limestone  for  eleven  miles,  lonning  diagonally  across 
the  township  of  Bawdon,  in  a  north  bearing.  On  the  west  side  of 
this,  lime-feldspar  forms  the  great  balk  of  the  rock  exposnres  for 
twelve  miles  across  the  measures,  and  shows  a  well  marked  strati- 
fioatiop." 

"In  Chateau  Bioher,  below  Qnebeo,  e  band  of  limestone  oconrs 
about  a  mile  from  the  fossiliferons  deposits,  and  to  the  northwest 
of  it,  lime  feldspars  present  a  breadth  of  eight  miles.  On  an 
island  near  Parry's  Sonnd,  on  Lake  Huron,  Dr.  Bigsby  observed 
the  oconrrence,  in  aitu,  of  the  opalescent  variety  of  Labradonte, 
and  the  name  of  the  mineral  reminds  as  of  the  existence  of  the 
rock  beyond  the  eastern  end  of  the  Province.  It  thns  appears 
probable  that  a  range  of  the  rock  will  be  fonnd  winding  irregularly 
from  one  end  of  the  Province  to  the  other,  of  snffioient  importance 
to  anthoriza  its  representation  by  a  dbtinct  color  on  the  map,  and 
a  distinct  designation  in  geological  nomenclature."  t 

1960.  In  a  letter  to  M.  Barrande,  under  date  of  December  31, 
1860,t  Sir  William  Logan  gives  an  exposition  of  the  fauna  of  the 
Quebec  group.  Toward  the  end,  he  notes  some  recent  observations 
which  led  him  to  qualify  previous  opinions  in  reference  to  the  age 
of  the  Lake  Superior  sandstone: 

"Mr.  Murray  has  this  season  ascertained  that  the  lowest  rook 
that  ie  well  characterized  by  its  fossils,  in  the  neighborhood  of 
Sanlt  8{e  Marie,  near  Lake  Superior,  really  belongs  to  the  Birdseye 
and  Black  Biver  group,  and  that  it  rests  on  the  sandstone  of  Ste 
Marie  end  Lacloche,  the  fossiliferous  beds  at  the  latter  place  being 

*Proe.Aintr.  AMOCiSSl.  Ft.  U.n-a-.Canaatan  Joumot  1896,  II.  Ill,  1-6;  Canad.  Natur. 
UBT.  11,  ZTD-ari. 

fDi.  J.  J.  Blgsbf,  uevertheleas.  hua  reoorded  tbe  opinion  that  the  Huronlan  nnd 
Laurentlkii  srstems  are  Intimately  related  In  llthological  character  and  oonlarmable 
position.  The  reference  being  eHpeolally  to  the  north  shore  of  lake  Superior  (Quor- 
JOir.  Oail  Soc..  1863,  ilx,  3B-SSI. 

tOontuHon  NtOuraUtt  and  Geatogltt,  v.  47S-T. 
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tinged  vith  the  red  color  of  the  sandstone  immedistely  below  them. 
These  underlying  Lake  Superior  rooks  may  thus  be  Calaferoas 
and  Potsdam,  and  may  be  equivalent  to  the  Quebec  group  and  the 
black  colored  shales  beneath.  The  Lake  Superior  group  is  tiie 
upper  Copper-bearing  series  of  that  region  [consisting  of  3.  Pots- 
dam; 2.  Cupriferous;  1.  "Slate  oonglomeratefi"eta,  of  lake  Huron], 
and  rests  unoontormably  upon  the  lower  Copper-bearing  series, 
which  is  the  Huronian  system  [as  identified  about  Lake  Superior] 
.  .  .  Professor  Emmons  has  long  maintained,  on  eTidanoe  that 
has  been  much  disputed,  that  rooks  iu  Termont,  which  in  Jane, 
1859,  I  for  the  first  time  saw  and  recognized  as  equivalent  to  the 
magnesian  part  of  the  Quebec  group,  are  older  than  the  Birdeeye 
formation ;  the  foesils  which  have  this  year  been  obtained  at  Quebec, 
pretty  clearly  damonstrate  that  in  this  he  is  right"* 

1863.  No  other  record  on  the  subject  of  pre-Silurian  rocks  ap. 
pears  to  have  been  made  by  Sir  William  Logan  until  the  pubUoa- 
tion  of  the  Geology  of  Canada,  in  1861).  This  convenient  and 
copious  synopsis  of  Canadian  geology,  has  subsequently  been  cited 
for  authority,  instead  of  the  original  reports,  and  in  consequence, 
geologists  have  fallen  into  some  nuBnndeTBtaDdingB."t 

"The  rocks  which  compose  the  Laurentian  mountains"  writes 
Sir  William  Logan,  "  were  shown  by  the  Geological  Survey,  in 
1846,  to  consist  of  a  aeries  of  metamorphic,  sedimentary  strata 
underlying  the  foseiliferone  rooks  of  the  province.  .  .  .  They 
are  altered  to  a  highly  crystalline  condition,  and  are  composed  oi 
highly  feldspathic  rooks,  interstratified  with  important  masses  of 
limestone  and  quartzite.  Great  vertical  thicknesses  of  the  series 
are  composed  of  gneiss  containing  chiefly  orthoclaae  or  potash 
feldspar,  while  other  great  portions  are  destitute  of  quartz,  and 
composed  obiefiy  of  a  lime-soda  feldspar,  varying  in  composition 
from  andesine  to  anorthite,  and  associated  with  pyroxene  orhyper- 
ethene.     This  rock  we  shall  designate  by  the  name  of  anortkoBite." 

It  can  hardly  be  said  that  the  survey  established  the  conoloBion 
that  these  rocks  were  sedimentary  in  origin ;  but  it  pointed  out 

■Thbt  rcuiurkable  HdmlAaliin  iHHlluded  to  liy  U.  Burraade  In  these  words  " TermB 
so  clear  and  possltlve  need  no  coromontary.  It  la  a  formal  recognition  by  Sir  W.  Logan 
at  the  Taponlc  symeiii  at  the  ba^ut  ot  the  lower  Silurian.  Proteasor  Emmona  oould  Dot 
Irish  tlie  assent  uf  u  more  res pecrl  able  authority,  irhlcb  i^annot  fall  to  secure  tbe  adhe- 
sion ot  all  American  xeolOElsta  ("Documena  unclens  et  ouuveaux  aur  la  faune  prl- 
mordlale  et  le  syiil^me  Tacoalquo  en  AuiJrliiue,  Bull.  Soc.  gi!ol.  de  France,  Seance,  de 
Vkv.  4,  IMI.  p.  3^).  air  William.  nevprtbele!i.s.  aald  only  that  the  shales  and  llniestODes 
of  Quebec  <>h<l  Georgia  are  lalbtiTdtnaie  to  Uu  PoMam—A  formation  which  Dr.  Emmons 
never  claimed,  though  as  we  have  seen,  he  consented  to  Its  Inclusion  In  the  Taoonle. 
i^^Beporto/  Progrtti/mmUnCrmirHtneemtnttotsea.  Illustrated  by  Me  wood  cutsin  tba 
t«iti.kncl  aocompanled  by  an  atlaa  of  maps  and  Hectlons.  Montreal,  1MS3.  B-vo.  pp. 
xxvll  X  983. 
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freqnentlj,  tbe  evideiioeB  of  Boch  an  origin,  and  oertiuDly  oaoaed 
it  to  appear  probable.  The  anorthoBite  rook  referred  to  above  in- 
olndes  tfae  belt  of  Labradorite  described  iolSST, which  was  made  the 
groand  of  an  "  Upper  Lanrentian  "  or  "  Labradorian  "  diTision.  Of 
this  division  nothing  is  said  in  the  general  report  of  1863.  Speak- 
ing of  the  orthoolase  gneiss,  the  writer  says  : 

"  A  great  portion  of  the  rook  is  fine  grained,  and  the  constituent 
minerals  are  arranged  in  parallel  layers  ;  no  one  oonstitoent  pre- 
dominates in  any  layer,  to  the  exclusion  of  others ;  bat  even  in  their 
sabordinate  arrangement,  there  is  an  observable  tendency  to  paral- 
lelism. .  .  .  There  is  a  never-failing  constancy  in  respect  to 
their  parallelism  which,  however,  tbongh  never  absent,  is  some- 
times obscure."  .  .  .  Coarse-grained  beds  of  the  character 
designated  "granitoid  gneiss,"  "  might,  on  firat  inspeotion,  be  mis- 
taken for  igneons,  instead  of  altered  sedimentary  mosses.  Upon  a 
carefnl  stody  of  any  aaoh  mass,  however,  it  will  be  perceived  that 
this  retioalated  stractureisanoompaniedbyanobscaje arrangement 
of  the  meshes  of  tbe  net-work  into  parallel  lines  which  will  be 
fonnd  conformable  with  the  more  distinctly  banded  portion  of  the 
strata"  (p.  23). 

"  The  greatest  mosees  appear  to  be  formed  of  the  coarse-grained 
porphyroidol  gneiss  at>ove  described.  These  rise  into  the  highest 
ridges  and  peaks  of  the  orthoolase  region,  and  generally  oonstitate 
the  main  body  of  rock  separating  one  important  band  of  limestone 
from  another.  .  .  .  The  qnartz  occasionally  presents  masses  of 
considerable  volnine,  two  of  which,  nearly  pnte,  occnr  in  the  dis- 
trict of  tbe  Bonge,  a  tribntary  of  the  Ottawa,  one  400,  and  the 
other  600  feet  thick.  The  hornblende  often  formB  a  massive  rock; 
a  band  of  it  in  Blythfield  has  a  thicknees  of  200  feet  Mica,  as* 
sooiated  with  hornblende  and  with  qnartz,  characterizes  great 
thicknesses  of  hornblende  and  micaceons  schists." 

"  Thoogh  there  docB  not  appear  to  be  any  special  order  in  which 
the  masses  snooeed  one  another,  beds  of  hornblende  rook,  and 
homblendic  schist  seem  often  to  be  more  abundant  near  the  inter- 
stratified  bonds  of  limestone  than  elsewhere,  and  in  the  same 
neighborhood,  there  neaally  oocnrs  a  more  frequent  repetition  of 
beds  of  qaartzite  than  in  other  parts.  Near  the  limestones,  pyrox- 
ene, which  in  other  ports  does  not  appear  to  be  very  abundantly 
disseminated,  is  oooosionoUy  met  with,  forming  massive  beds" 
(p.  24). 

The  writer  describes  the  distribution  of  garnets  in  the  gneiss, 
and  of  its  passage,  in  one  instance,  into  garnetiferoas  qaartzite. 
Tbe  masses  of  limestone  are  described,  sometimes  becoming  inter- 
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Btratified  dolomyteB.  Serpentine  is  found  sssooiated  with  both. 
P;^allolite,  or  rensBelaerite  often  aooompanies  limestone;  and  py- 
roxene and  hornblende  are  sometimes  foond'disseminated  in  grains 
or  orystals.  Tremolite  forms  beds  in  it  Mica  and  graphite  are 
both  generally  present.  Pyrites  is  more  abundant  Other  min- 
erals are  chondrodite,  apatite,  flnorite  and  oxides  of  iron.  The 
gneiss  is  sometimes  greatly  contorted,  bat  the  beds  of  assooiated 
limestone,  even  when  very  thin,  are  eonformable  irith  the  beds  of 
^eiss,  and  parallel  vith  those  bands  and  streaks  with  whio^  they 
are  marked  (p.  27).  One  instanoe  has  been  noted  "where  the 
limestone  of  a  bed  marked  with  grains  of  serpentine,  appeared  to 
haTe  an  nninterrnpted  oonneotion  with  rock  of  an  identical  charac- 
ter filling  np  a  crack  or  fault  in  the  gneiss,  at  right  angles  to  the 
general  direction  of  the  strata"  (p.  28). 

In  a  section  measured  at  the  High  Falls  of  the  Madawaska,  a 
tribatary  to  the  Ottawa,  here  presented  as  an  aTcrage  section,  there 
are  48  alternations  of  beds,  in  a  total  thickness  of  1351  feet.  In 
tiiese,  limestones  occur  six  times,  giving  an  aggregate  thickness  of 
46  feet;  gnartzyte  occors  once,  in  a  bed  ten  feet  thick;  and  ''schis- 
tose gneiss"  oocars  five  times,  giving  an  aggregate  thickness  of  116 
feet  At  a  higher  position  in  the  series,  is  said  to  he  a  bed  of 
limestone  100  feet  thick.  At  the  Chenanx,  there  is  more  limestone 
than  gneiss — there  being  a  thickness  of  over  400  feet,  of  which  not 
one-fifth  is  intercalated  gneiss;  while  in  Clarendon,  similar  rocks 
reveal  "a  thickness  of  4000  feet  abont  two-thirds  of  which  consists 
of  crystalline  limestone"  (p.  31). 

Another  phenomenon  of  collateral  interest,  is  thns  pointed  oat: 
"Notwithstanding  the  general  highly  crystalline  condition  of  the 
Lanrentian  rooks,  beds  of  an  nnmistakably  conglomerate  character 
are  occasionally  met  with  among  them.  .  .  .  On  the  tweaty- 
fonrth  lot  of  the  tenth  range  of  Bastarfl,  a  bed  of  conglomerate 
is  interstratified  between  two  beds  of  limestone.  The  dip  of  the 
strata  at  the  spot  is  30°,  N.  50°  E."  The  followingis  a  condensed 
section: 

Feet.  iDobea. 

7.  Limefltone,  white,  ooaroe. 6 

6.    Limefltone,  Breiwoeoas,  fine,  very  hard 4 

6.    SaDdBtoae,  oalooreous,  flue. 2 

1.  Conglomerate,  the  matrii  &  fine  grained,  quartsow 

Bandatone  Bom««hat  c&lcareoua,  with  white  feld- 
spar in  RTUDa  and  pebbles.  Febblea  flat,  lying 
on  their  eidea 1  6 

8.  Quartzile,  oalo4reouB- granular,  with  ooldte 3 

2.  Qoartzlte,  ooarae,  traDslucent-sranulai,  with  feld- 

epar  and  limt-etone 4 

1.    limestone,  white,  ooane,  with  gtapfatte  and  mioa. .        8 
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In  Madoc,  conglomerate  oooars  again,  with  oaloareooB  matter; 
and  in  a  higher  poaition  is  a  ridge  "consisting  of  micaoeoos  Bohiste, 
beyond  which,  tor  300  yards,  ridges  of  a  decided  cmiglomerate, 
with  diatinotly  rounded  pebblee,  enveloped  in  a  matrix  of  mioaoe- 
one  schist,  alternate  with  ridges  of  schist  containing  few  or  no 
pttbbles."* 

"Still  farther  north,  another  band  of  conglomerate  oocore,  as- 
eooiated  with  fine  grained,  soft,  mioaceo-silioions,  f  eldspathio  schist. 
The  matrix  of  tbe  conglomerate  weathers  white,  and  appears  to  be 
a  dolomite.  The  pebbles,  of  which  the  largest  may  be  six  inohee 
in  diameter,  are  chiefly  gaartz,  bat  there  are  also,  pebbles  or  mas- 
flee  of  feldspar,  and  a  few  of  oalo-apar.  The  quartz  pebbles  are  for 
the  most  part,  diatinotly  rounded,  and  their  colors  varioas,  some  being 
internally  blaish,  some  white,  and  others  pinkish.  The  feldspar  is 
red  and  white,  and  the  oalospar  white.  The  dip  of  the  rocks 
appears  to  be  soathward  of  east,  bat  the  slope  is  irregular,  and 
may  probably  be  35"  or  40°"  (p.  33.  )t 

The  anorthosite  rocks  are  folly  deearibed.  Their  bedding  is 
very  obscnre,  bat  they  occur  in  belts  conformable  with  the  lime- 
stonee  and  the  orthoclase  gneisses.  The  hyperethene  rook  of  north- 
em  Mew  York,  and  of  the  Isle  of  Skye,  are  pronoonced  of  the 
same  character.  Near  Bay  Saint  Paul,  is  a  mass  of  titaniferoas 
iron  ore  in  the  anorthosite,  90  feet  in  width,  by  ebont  300  feet  in 
length  (p.  35.) 

The  following  is  a  synopsis  of  a  general  section  across  a  portion 
of  the  Lanrentian  (p.  45:) 

10.    Anorthosite  above  the  Uorin  limeBtone  (oonjeot- 

tnral) 10,(Wi 

9.    Orthoolaae  gneiaa  (and  a  band  of  quartz) 8,400 

8.    Frootor's  Lake  limefltone 20 

7.  Orthoolue  gneiaa 1,680 

6.    QreiiTille  limeatone 750 

6.    OrtihooUee  gneisa 3,600 

4.    Greet  Beaver  Lake  and  Oreen  L^e  limeatone 2,690 

8.  OrtboolMe  gneiw 4,000 

2.    Trembling  I^ke  limestone 1,600 

L    Orthoolaae  sDeiae  of  Trembling  Monntain 6,000 

32,760 

■He.  HftCfailaDe  snbsequently  deacrlbloK  these  coi^lomeraites.  sara  they  are 
"llthDloglcaUrnotanlUceBomeor  theBuronisD  rook."  Whereupon,  Sir  W.  E.  Logan, 
In  ft  note  replies:  "It  Is  not  to  be  Inferred  from  the  presence  tn  themol  aBohtitoee 
conglomeraM,  that  therefore,  the;  are  Huronlan"  (Qeotofn/o/  Carnal.,  U6S,  p.  (8.) 

+SlrWllllara  Logan  neTeromlts  mentloD  of  those  conglomeraMs,  when  having  oc- 
casion to  furnish  n  synopalBOf  the  Lanrentian.    See,  (or  Instance,  b 
of  organic  traces  (Quor.  Jour.  OtOl.  Sat.  LonO..  Feb.  18*5.) 


>yCOO»^IC 


130  BIOHTEENTH   ANHDAI.   BEPOBT. 

Id  reference  to  the  Haronian  series,  Sir  William  Logtm  makes 
statements  from  which  the  following  extracts  are  drawn  (p.  90:) 

"On  Lake  Temiscaming,  the  Laarentian  orthoclase  gneiss  is 
followed  b;  a  slate  conglomerate.  The  finer  parts  of  the  rock  are 
dark  gray,  weathering  to  dark  green;  they  are  of  a  uniform  grain, 
and,  being  at  the  same  time,  argillaceoas  and  eilicions,  they  pres- 
ent the  oharaoters  of  a  hard  compact  slate.  Some  parts  not  so  fine 
in  textare,  are  a  hard,  dark  gray  sandstone  weathering  to  a  dingy 
olive  green.  In  both  oases,  the  rook  frequently  exhibits  the  char- 
acter of  a  compact  conglomerate,  holding  pebbles  and  bowlders, 
sometimes  a  foot  in  diamater,  of  the  sabjacent  gneiss,  from  which 
they  appear  to  be  principally  derived."* 

Some  other  conditions  of  the  formation  are  described  as  finer 
textured,  penciled  in  transverse  fracture  by  fine  colored  lines;  an- 
other as  a  "very  close  grained,  compact,  dark  gray  mica  slate. 
When  cleavage  exists,  the  planes  cat  the  pebbles  in  common  with 
the  matrix."  Itisnever  fit  for  roofing  slates.  To  this  slate  conglom- 
erate succeeds  a  quartzyte,  apparently  400  to  500  feet  thick. 

"On  the  Stnrgeon,  Wahnapitie  and  Whitefish  rivers,  there  is 
usually  interposed  between  the  Laarentian  gneiss  and  the  recog- 
nized Hnronian  rocks,  a  mass  of  rather  coarse  grained  greenstone 
or  diorite." 

The  general  section  in  the  region  of  these  three  rivers,  north- 
east of  lake  Huron,  and  stretching  to  lake  Wahnapitte — is  repre- 
sented by  the  following  atratract  (p.  52): 

5.  Qnartzite,  white  and  greenish,  with  beds  of  quartz  conglom- 
erate. 

4.    Slate  conglomerate. 

3.    Limestone,  much  shattered  and  distarbed. 

2.     Slate  conglomerate^ 

1.  Silicious  strata,  fine  grained,  with  greenish  quartzite  inter- 
stratified. 

In  the  region  nearer  lake  Huroi,  and  along  the  northern  shore 
westward,  lies  the  typical  part  of  the  Huronian.  As  to  its  relations 
with  the  Laurentian,  we  have  from  the  Canadian  geologists,  only 
the  following  information  (p.  66); 

"On  the  coast  line,  between  the  Mississagai  and  the  Theesalon 
rivers,  a  distance  of  about  25  miles,  the  gneiss  extends  from  within 

•Rut  it  will  bo  reniHTiilM>r»cl  thai  no  <-c>iitaot  bulweeii  tlie»e  Hiwulted  coD)(10niersteii 
nnd  lheol(lprKni>l!'Hen  had  iHwnobxcrved:  norhaH  It  to  tliltt  day.  Nur,  It  nuoh  otHerra- 
liou  had  l)cim  made,  wimld  the  c:lrruiii*tanrp  pnive  these  ■■con|iloiuer»te»"  In  Immedi- 
ate chronolotrloal  surve.'ulDn  to  rhd  gaclwi.    I'alanmilo  lluwstiines  were  Ireiiuently  ob- 
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about  foor  miiea  of  tiie  former,  to  within  aboat  the  aame  distano» 
of  the  latter;  bnt,  it  is  very  mach  distarbed  by  iatnieiTe  graniteaiid 
greenstone,  and  althoagh  l^ere  are  great  expoeareB  of  rook,  it  ie 
very  diffionlt  to  make  oat  how  the  stratified  portions  are  related  to 
one  another.  The  gneiss  extends  to  the  viciitity  of  a  small  stream, 
i^at  a  mile  and  a  half  above  Les  Grandee  Sablee,  and  what  is 
sapposed  to  be  the  lowest  Horonian  mass  of  that  part,  oocors 
abont  half  a  mile  above  the  stream.  It  oonsists  of  a  gray  qaartzite 
which  ahulB  against  one  moan  of  gneiss  and  runs  under  another, 
and  appears  to  be  mnoh  broken  by,  and  entangled  among,  the  in- 
trasiverook;  bnt  judging  from  a  transverse  measore  in  one  part, 
its  thicknees  would  not  be  tar  from  50^)  feet  Farther  west,  after 
passing  an  exposure  of  stratified  amygdaloidal  trap,  which  woold 
apparently  overlie  the  [thie]  qnartzite,  the  rocks  for  abont  two 
miles  east  of  the  Thessalon,  appear  to  consist  of  green,  fine  grained 
ohloritia  and  epidotic  slate  ["diabase  slate"]  alternating  with 
masses  that  have  the  aepeckof  trap." 

The  following  is  an  abstract  of  the  general  section  in  this  r^on 
(pp.  55-7): 

18.  White  quartzite 400 

12.    Yellowish  ohert  sod  impure  limeatODe. 200 

11.     White  quartzite,  Frequentl)'  vitreouA 1,600 

19.  Tellowish  ohert,  with  thin  and  vAiy  Mgular  beds. .     400 

9.    White  qo&rtzite,  freqnentlj  vitraona 2,970 

8.    Bed  jaaper  conglomeratea.    Sometimea  flue  white 

qnartzite.    OreeDHtonee  interoalated 2,1S0 

T.     Bed  quartzite  with  interstratified  greenetoQM 2,300 

6.  3late  oon glomerate  with  iiiterstratifled  greenatoneB  3,000 

5,  LimeBtoDe,oompaot,KreeD,  draborKra;,thinbadded     300 

4.  Slate  conglomerate  [aa  previonsly  desoiibed]. 1,280 

5.  White  qnartzite,  aomatimea  pebbly 1,000 

2,  Obloritio  and  epidotic  alatee  [probablj  eruptive}. . .  2,000 

1,    Gray  quartzite,  thickness  doubtful 600 

lti,0OD 
It  will  be  desirable  to  contemplate  the  almve  section   separately 
from  the  section  of  "Haronisn"  rocks  reportedfrom  the  north  shore 
of  lake  Superior.     It  is  quite  poesible  that  the  two  sections  relate 
to  rocks  belonging  to  different  geological  ages. 

"  On  lake  Superior,  the  Lanrentian  gneiss  is  succeeded  by  slates 
generally  of  a  dark  green  witboat,  and  often  of  dark  gray  in  fresh 
fracture,  which  at  the  base  appeu:  oooasionally  to  be  interstratified 
with  beds  of  a  feldspathic  character,  of  the  reddiah  color  belonging 
to  the  snbjacent  gneiss.     Sometimes  these  beds  are  a  oombination 
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ot  feldspar  and  qaartz,  oooasionally  with  the  addition  oE  hornblende 
and,  in  some  of  the  beds,  the  hombleode  predominating,  givee 
them  s  general  green  oolor.  Some  of  the  beds  have  the  charaoter 
of  diorite ;  others,  that  of  mica  slate,  and  a  few  present  that  of 
quartzite"  (p.  62). 

These  seem  to  be  ideutioal  with  the  lowest  rocks  of  the  iron- 
bearing  series  of  Vermilion  lake,  a  part  of  Lawstm's  Keewatin. 
They  exhibit  the  well-known  transition  from  Lanrentian  gneiss  to 
crystalline  schists.    The  mioa  schist  is  "  nascent." 

"  Rising  in  the  series,  the  dark  green  slates  become  interstratified 
with  layers  holding  a  snflQcient  namber  of  pebbles  of  different 
kinds,  to  coustitate  conglomerates.  The  pebbles  appear  to  be  all 
derived  from  altered  rook» ;  they  greatly  vary  in  size  in  different 
places,  and  ooOHsionally  measnre  a  foot  in  diameter.  Where  the 
slofe  conglomeratea  have  been  worn  by  the  action  ot  water,  the 
pebbles  are  generally  worn  down  equally  with  the  rest  ot  thesarfaoe; 
and  though  a  very  distinct  picture  of  them  is  presented  on  sach  a 
surface,  where  the  water  or  weather  appears  to  have  had  an  infla- 
ence  in  bringing  out  a  well  defined  contrast  in  colors  between  the 
pebbles  and  the  slate,  at  the  same  time  prodacing  a  contrast  be- 
tween parallel  bands  of  the  slate  on  the  terminal  edges  of  the 
lamincB,  it  yet  often  happens,  unless  the  pebbles  are  of  white 
qnartz,  that  they  are  very  obscurely  distingnisbable  on  fraotaring 
the  rock  —  both  the  pebbles  and  the  matrix  having  a  gray  oolor, 
and  showing  very  little  apparent  difference  in  mineral  charaoter. 
On  some  of  these  pictored  snrfaces,  small  opaqae,  white  feldspathic 
oryatals  oooasionally  spot  the  whole  surtaoe  of  the  rock  —  the  peb- 
bles equally  with  the  slaty  matrix.  The  rook  has  nowhere  on  the 
lake  been  observed  to  display  true  slaty  cleavage,  independent  of 
the  bedding ;  but  it  often  exhibits  a  jointed  stmctore,  and  the  di- 
visional planes  cut  through  the  pebbles  without  the  smallest  deflec- 
tion."* (pp.  52  and  53). 

It  is  impossible  to  identify  this  description  with  the  deecription 
of  the  Hnronian  rocks  north  of  lake  Huron.  There  are  some  cir- 
cnmstanoes  which  readily  explain  the  oonrse  taken  by  the  Canadian 
geol(^ists,  but  the  identification  made  as  early  as  1818,  has  perpet- 
uated misconceptions,  and  bred  unintelligible  confusion.  I  have 
some  confidence  that  we  may  be  near  the  solution  of  the  puzzle. 

•Tbe  whole  of  tbe  aboye  description  applies  exactly  to  the  lower  part  of  llie  "Oglah- 
ke  Conglomerate,"  on  the  Bhorea  of  Oglahke  Huncle  or  Klngflaher  lake,  In  UlnneMit^ 
I'lghty  miles  west  of  Tbuadorbay,  I  shall  return  In  the  sequel,  to  a  dlsouaaloa  ot  thia 
IdeatlBcatlon.  Tbe  atrattsraphlcal  posltloD  ot  the  "  OglBhke  CoDgtomera(«  "  hag  been 
Iniiloubt :  but  It  this  parallelism  Is  oanect.  It  belongs  near  the  bottom  of  the  Tetmll- 
Ion  lake  Iron-bcatlng  soblsts. 
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The  same  basal  slaty  conglomerate  ooours  at  other  points  along 
tiie  north  shore. 

"  A  ooneiderable  thickness  oE  tbeae  conglomerate  or  pebbly  slates, 
ia  exposed  at  the  mouth  o£  the  river  Dor^,  near  Gros  Cap,  about 
five  miles  above  the  mouth  of  the  Miohipicoten  river.  The  strike 
-ot  the  rook  ie  very  regular,  being  about  east  and  west,  while  the 
dip  is  highly  inclined,  the  beds  being  not  more  than  from  ten  to 
fifteen  degrees  from  a  vertical  attitode ;  but  the  slope  is  tor  part  of 
the  distance,  to  the  north,  and  for  the  remainder,  to  the  eonth ; 
tiiere  is  not,  however,  sapposed  to  be  any  repetition  of  the  mea- 
Aures,  which  are  given  in  descending  order"  (p.  63). 

Feet. 

3L    Green  elate  rook,  with  a  few  eoatt«red    pebblee 

through  eome  parts  of  it,  in  other  parte  oon- 

glomeratia;  the  sedimentsT?  layers  not  dietinotl? 

marked;  rook  with  a  jointed  struoture;  joiats 

cntting  atraight  through  the  pebbles 40 

20.    Green  pebblf  slate ;  edges  ot  laminee  well  marked, 
prodnoinft  a  ribboned  appearanoe;  pehblea  ohiefiy 

gneisB,  granite  or  syenite 800 

19.    Green  slate  rock  similar  to  20  and  21 6S0 

18.    Green  pebbl;  slate 170 

17.    Measures  covered  by  eand 00 

16.    Oreen  slaty  ooaglomerate,  with  large  pebbles  of 

igneous  ot  altered  rock 15 

IS.    Oreen  elate  rook  with  many  pebbles. 30 

14.    Green  slal«  with  finer  pebbles 40 

13.    Oreen  slate  rook,  with  soattered,  large  pebbles ....        10 

12.    Green  slate  rook,  like  13 130 

IL    Green  slate  oonglomerate,  with  bonldws  sometimes 

a  foot  in  diameter,  in  a  slaty  matrix S 

10.    Measures  concealed  by  sand 30 

9.    Green  slate  rook  with  many  pebbles 80 

8.    Green  sUta  rook  with  pebbles 80 

7.  Measures  oonoealed  by  sand. 20 

fl.    Oreaa  elate  rook,  very  pebbly,  aediinentary  layers 

finely  waved,  wat«r  worn  surface  maoh  pitted...  80 
S.    Oreea  slate  rook,  bedding  very  even,  appears  to  be 

somewhat  taloose  toward  the  top. . , 20 

4.    Oreen  slate  rook  like  6 15 

8.  Green  slate  rook  with  even  bedding,  slightly  unotn- 

ous  and  talooid  in  several  of  the  divisions 20 

2.    Green  alat«  rock,  a  few  Bcsttered  pubblea  in  parts, 

flattened  in  direolion  of  the  strata 90 

L    Green  slate  rook   with  large  pebbles  and  small 

boulders  ot  granite  or  gneiss,  quarts  snd  aohert- 

like  stone  (p.  54) 85 

1,700 
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The  foregoing  seotioii  is  almoet  a  coDtinnoos  "slate  eoQKlome> 
rate,"  or  pebbly  slate,  and  bat  for  the  so-called  "  taloose"  matterr 
might  hastily  be  identified  with  the  elate  conglomerate  of  the  Thea- 
salon  valley.  Bnt,  as  Till  be  shown,  it  is  a  different  slate.  The 
descriptions  again  apply  to  the  Ogishke  oonglomerate.  In  Minne- 
sota, this  oonglomarate  is  only  one  member  of  the  iron-bearing 
snies.     In  accordance  with  that  fact,  Bir  William  Logan  adds: 

"  At  the  Dor^,  a  much  larger  amount  of  the  slate  formation  than 
is  here  given  comes  in  behind  the  preceding  section ;  bnt  it  was  so 
covered  with  trees  and  moss,  at  the  time  of  the  examination,  that 
it  WEB  fonnd  impossible  to  follow  ont  the  details.  Toward  the 
lower  part,  it  assumes  more  the  character  of  the  gneiss  which 
osaally  saooeeds  it,  and  becomes  interstratijied  with  reddish-yellow 
feldspathio  layers ;  bnt  sufficient  data  have  not  yet  been  ascertained 
to  determine  what  may  be  the  total  thickness  of  the  slate  rock  in 
this  part,  though  it  must  probably  attain  several  thousand  feet" 
(p.  M). 

Other  localities  on  lake  Superior  where  slate  conglomerates  and 
jasper  conglomerates  occupy  a  similar  position,  are  between  the 
Qonlais  river  and  Batohewahnosg  bay.  The  same  seem  to  extend 
along  the  shore  of  the  Michipicoten  river,  on  each  side,  eight  or 
nine  miles.  It  occors  also,  a  little  farther  west  on  the  coast,  and 
again  about  five  miles  south  of  Otter  Head  (p.  63). 

"Another  locality  is  Thnnder  bay,  where  they  occupy  the  coast 
for  a  distance  of  ten  miles,  immediately  below  the  mouth  of  the 
Eaminiatiquia  river,  on  the  north  side,  leaning  in  a  narrow  strip 
against  the  gneiss  of  the  lower  series.  It  is  not  improbable  that 
they  may  present  a  narrow  belt  in  the  valley  of  the  Kaministiquia 
They  occupy  the  coast  foi  about  seven  miles  on  each  side  of  the 
New  Pic  river;  whilean  interval  from  thisto  apoint  two  miles  be- 
yond the  Old  Pic  river,  inoiading  the  coast  of  Peninsula  Bay  and 
Harbor,  and  Pic  island,  is  composed  of  trap.  Beyond  this,  the 
ehloritic  elates  oocnpy  about  fifteen  mites  of  the  coast,  extending  to 
the  neighborhood  of  the  deep  cove  which  receives  the  Pike  river" 
(p.M). 

A  charaoteristio  feature  of  the  Keewatin  iron-bearing  series  is 
indicated  in  the  description  of  the  junction  of  these  rooks  with  the 
gneiss  on  the  Kaministiquia  river,  in  the  vicinity  of  the  Grand 
Falls: 

"At  the  lower  end  of  the  portage,  where  the  series  makes  its  ap- 
pearance, the  rock  resembles  a  massive  syenite,  in  some  parts  red, 
and  in  others,  whitish,  but  is  probably  a  homblendic  gneiss  in 
which  the  lamellar  arrangement  of  the  constituent  minerals  is 
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obsoare,  bb  the  rock  gradasUy  paaaeB  into  enoh  a  gneiae.  Bestii^ 
OD  it  conformably,  there  oooofs  a.  series  of  dark  greenish  bine,  or 
greenish  black  elates,  the  one  rock  pasaing  almost  impereepiStljf 
into  ike  other.  .  .  At  each  rapid  part  of  the  river  above  the 
Orand  Falls,  there  is  a  greater  or  less  deTelopmeot  of  these  rooks, 
most  freqneutly  presenting  the  more  distinctly  stratified  partot  the 
^eiss.  The  best  exposare  of  the  slate  is  at  the  Three  Discharges, 
about  four  miles  above  the  Grand  Falls,  where  the  rocks  are  ob- 
served to  pass  from  the  gneiss  to  the  slate."  The  vertical  thiokaess 
at  this  place  is  abont  2,300  feet. 

"Toward  the  bottom,  near  the  junction  with  the  gneiss,  the  elates 
are  of  a  blaish  and  occasionally  of  a  brownish  color.  They  are 
intersected  by  namerooa  parallel  joints  which  divide  the  mags 
into  rhomboidal  forms  of  singalar  regolarity.  The  middle  and 
upper  portions  of  the  section  ere  nsnally  of  a  pistachio  green,  re- 
sembling the  green  of  epidote,  and  frequently  in  part  present  a 
jaspery  character.  They  ore  hard  and  compact,  nsnally  with  a 
conolioidal,  bnt  sometimes  with  a  splintery  fraolure.  The  divisional 
planes  are  frequently  covered  with  mica,  and  in  snch  oases,  the 
rock  may  almost  be  termed  a  mica  slate"  (p.  65).  Similar  rooks 
«ontinae  as  far  as  Dog  lake. 

The  foregoing  description  applies  perfectly  to  the  passage  from 
the  iion-bearing  formation  to  the  gneissee,  as  observed  in  a  bon- 
^ired  places  in  northeastern  Minnesota.  No  etrnotnral  nnoontorm- 
ity  exists,  as  a  fact  of  present  observation.  It  is  not  intendecl  to 
■assert,  however,  that  it  never  existed. 

The  schists  observed  along  the  north  shore  of  lake  Hnron,  in 
which  the  Brnoe  and  Wellington  and  Wallace  mines  were  worked, 
constitute  Logan's  "ijower  Copper-bearing  series."  As  these  were 
identified  with  the  series  of  slates  just  described,  they  were  also 
made  to  represent  the  liower  Copper-bearing  seriee.  Neither  series 
■oonid  be  identified  with  the  copper  rocks  of  the  south  shore  of 
lake  Superior.  But  as  those  rocks  were  observed  on  the  north 
shore  at  a  higher  stratigraphic  level,  they  were  demoninated  by 
Logan  the  "Upper  Copper-bearing  rocks."  But  in  thus  fixing  par- 
allelisms, he  strangely  overlooked  the  importance  of  a  series 
between  the  proper  Cupriferous  rooks  above  and  the  pseudo-Cuprif- 
«roua  rocks  below.  These  weri  the  real  Lower  Copper-bearing 
rocks,  though  L<^an  joined  them  to  the  Upper,  or  south  shore 
-Cupriferous.  His  treatment  of  the  so-called  "Upper  Cupriferous 
rooks"  will  appear  from  a  few  extracts. 

"The  Huronian  formation  of  Lake  Superior  [the  real  iron-bear- 
ing seriee]  is  urtc(mformably  overlaid  by  a  second  series  of  oopper- 
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bearing  rocks,  which  may  be  conTeniently  dirided  into  two  gronpe. 
0(  these  the  lower  coDaisia  of  blnJEh  slates  or  ebeles  interstratified 
with  sandstoDeB  and  beds  of  columnar  trap;  and  the  npper,  of  a 
aaccesaion  of  sandstones,  limeatones,  indorated  marls  and  conglom- 
erates, alao  interstratified  with  trap  which  is  often  amygdaloidal"' 
(p.  67). 

The  following  is  a  characterization  of  the  lower  group  of  th» 
Upper  Copper-bearing  series,  (p.  67): 

"The  base  of  the  formation  where  seen  in  Thnnder  Bay,  in  con- 
tact with  the  anhjacent  green  slates  or  slate  cosglomeratee,  presents 
conglomerate  beds  probably  of  do  greatthickneee,  composed  chiefly 
of  qnartz  pebblea,  with  s  few  of  red  jasper,  and  some  of 
greenish,  chloritic  slate,  in  a  greenish,  arenaceooa  matrix^ 
consisting  of  the  same  materials  in  a  finer  condition.  These 
sre  followed  by  a  eet  of  very  regular,  even  layers  of  chert, 
sometimes  approaching  a  chalcedony,  Tarying  in  color  from 
nearly  white,  through  different  shades  of  gray  to  black,  and  in 
thickness,  from  lees  than  half  en  inch  to  six  inches,  and  even  a  foot. 
These  are  separated  from  one  another  by  thin  layers  of  dark  gray 
dolomite,  weathering  msty-red  and  present  a  striking  ribbon-like 
appearance.  Occasionally,  thicker  beds  of  dolomite  occor,  some- 
times highly  crystalline,  separating  aggregated  bands  of  the  ribbon- 
like strata;  and  these  dolomitio  beds,  as  well  as  the  chert  bands, 
are  sometimes  interstratified  with  argillaceons  layers"  (p.  67). 

"In  the  vicinity  of  disturbed  parte,  the  chert  sometimes  passes 
into  chalcedony  and  agate,  and  small  cracks  are  filled  with  what 
appears  to  be  anthracite.  Some  of  the  chert  bands  appear  to  be 
made  np  of  a  multitude  of  minute,  irregular,  closely  aggregated, 
snb-globnlaT  bodies,  floating  as  it  were,  in  the  silicious  matrix. 
Anthracite  seems  to  be  present  in  the  centre  of  some  of  these,  lead- 
ing to  the  supposition  that  the  color  of  the  black  chert,  even  where 
these  shapes  are  not  detected,  may  be  owing  to  the  presenoe  ot 
oarbon.  In  some  parts  of  these  oQlitio  chert  layers,  small  blood- 
red  jasper  spots  occasionally  beoome  interstratified  with  the 
black.    .    .    . 

"Higher  in  the  formation,  argillaceous  slates  beoome  interstrati- 
fied with  argillaceoas  sandstones  in  such  an  ealterd  condition  that 
it  is  often  difficult,  at  first  sight,  tb  say  whether  the  latter  may  not 
be  trap  layers.  .  .  In  some  parts  of  the  vertical  thickness,  oal- 
oareous  layers  are  occasionally  interstratified  among  the  slates,  but 
few  of  them  are  pore  enough  to  be  entitled  to  the  appellation  <^ 
limestones.  .  .  "On  the  Kamtoistiqaia,  the  lowest  part  of  the 
formation  oooors  near  Grand  Falls.    Its  immediate  junction  with 
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the  lock  OD  which  it  rests  is  oonoealed  from  view.  .  .  The  ar- 
gillaoeous  strata  visibly  reach  to  within  a  short  distance  of  the 
pond  [in  which  the  janction  is  supposed  to  occur]  (p.  68). 

"The  genera]  color  of  the  rock  is  here  blaok,  weathering  to  a 
rosiy  brown.  Some  of  the  beds  being  soft  and  shaly,  are  easily 
decomposed  by  atmoepherio  inflaenoes,  while  the  mass  is,  for  the 
most  part,  a  hu^l  ai^llaceoas  slate.  The  whole  formatioD  appears 
to  be  more  or  less  oalcareons,  and  among  the  lower  members,  thin 
beds  of  maguesian  limestone  oooor,  sometimes  alternating  with 
thin  beds  of  blaok  chert"  (p  68-9). 

"In  Thunder  bay,  and  on  the  coast  above  it,  trap  bands,  conform- 
able  with  the  stratificatioD,  are  isterstratified  in  several  parts  of 
the  formation,  but  they  ocoar  in  greatest  thiokuess  toward  the 
bottom,  not  far  above  the  chert-beda,  and  at  the  snmmit,  overlying 
the  whole  of  the  mass. .  .  In  all  oases,  the  trap  presents  a  very  strik- 
ing snb-oolamnar  structure  at  right-angles  to  the  plane  of  the  strati- 
^cation;  and  the  crowning  overflow  gives  a  peoaliar  aspect  to  the 
whole  region  oocnpied  by  the  formation  to  which  it  belongs.  The 
overflow  is  from  200  to  300  feet  thiek,  and  the  whole  of  the  associ- 
ated rocks,  to  the  base  of  the  formation,  may  possess  a  volnme  of 
between  l,500and  2,000  feet."  (pp.  69,  70). 

The  foregoing  is  a  good  desoription  of  the  blaok  slates 
and  the  slate-conglomerate  of  the  so-called  Hnronian  series 
north  of  lake  Haron.  In  the  latter  region,  columnar  trap 
(or  gabbro)  does  not  oonstitate  a  persistent  "crowning  overflow",  as 
far  as  the  descriptions  given  by  the  survey  indicate,  but  interbed- 
ded  traps  are  present,  and  the  lithologioal  characters  of  the  form- 
ation—the black  shale,  the  chbrty  and  flinty  layers,  the  oUlitic 
structure,  the  even  beds,  the  proximate  horizontality — and  no  other 
known  formation  about  lake  Superior  presents  any  close  resem- 
blance to  the  Huronian  strata.  These  black  slates  of  Thunder  bay, 
moreover,  are  now  known  to  eztejd  westward  into  Minnesota,  and 
to  overlie  unoontormably  a  mass  of  vertical,  sub-erystalline  schists 
in  the  same  manner  as  at  Thunder  bay. 

As  to  the  upper  group  of  the  Upper  Copper-bearing  series,  little 
needs  to  be  said  here,  as  this  is  the  well  known  Cupriferous  series 
of  the  south  shore,  consisting  chiefly  of  intercalated  l>eds  of  sand- 
stone, conglomerate  and  trap,  with  occasional  beds  of  limestone, 
and  attaining  an  aggregate  thickness  of  6,000  to  10,000  feet  The 
trap  is  often  amygdaloidal,  and  native  copper  occurs  in  irregnlar 
grains  and  strings  and  msasefl  up  to  ten  pounds  in  weight.  Sir 
William  Logan's  discussion  of  this  formation  does  not  possess 
theoretical  significance. 
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In  an  appendix  to  the  report  of  1863,  Sir  William  Logan  states 
that  "the  Taeonic  Bystem  ol  Emmons,  which  he  BUpposed  to  be  a 
distinct  series  of  rooks  more  ancient  than  the  Fotedam,  appears  to 
eonsist,  for  the  f^eater  part  at  least,  of  the  strata  of  the  Potsdam 
aod  Quebec  groups.  The  Upper  Copper-bearing  roeka  of  lake 
Superior  are  regarded  as  oocapying  the  position  of  the  Qoebec 
group,  to  vhich  they  bear  some  resemblance  in  lithological  and 
mineralogioal  characters.  They  may,  perhaps,  inclnde  the  Pots- 
dam group."*    [Compare  the  Tiewa  of  Foster  and  Whitney.] 

The  following  is  a  summary  of  Sir  William  Logan's  snooeesive 
views  OD  the  daseificatiou  of  the  Azoic  rocks  of  Canada: 

DIVISIONS  OF  ARCHJBAN  ROCKS  RECOONIZED  BYLOGAS.I       PdbijcatiOb. 

..llS45. 


ip.  I  jjpuer  Oroap  (Lake  Sup).  

a  alBt«.  I  Quartz  nork.  ete.  1MT. 

.  ...QruultlrOTMelamorplilcGruup 1(1848)  USD. 

Metamorphlc  or  Gnofswia  Group....  i..=.n.  .-^ 


..Metumorplilc  Group... 
.  IiauroaUai 


IdurenClan  Formatloi.. 
Laurentlan  I  Upper  Laurcatlaa. 


lAiirent1an-Mi 


Upper  Copper-" 


I  group  I  gruup  . 


Note.— DatCf  of  prmentntlon  of  repurtaare  placi^l  In  parentlieaes. 

One  of  the  important  features  of  the  volume  on  the  Geology  of 
Canada,  1868,  was  the  introduction  of  the  "Quebec  Group,"  sup- 
posed to  be  a  group  of  strata  occupying  a  position  between  the 
characteristic  part  of  the  Calcif  erous  and  the  Hudson  Biver  shales, 
and  specially  investigated  in  the  vicinity  of  Quebec.  Sir  William 
Logan  was  bo  good  a  physical  geologist  that  when  he  bad  given  his 
sanction  to  the  proposal,  a  strong  predisposition  was  given  to 
American  opinion.  Thus  the  Quebec  group  had  the  sanction  of 
James  Hall,  E.  Billings  and  T.  8.  Hunt,  and  found  admission  to  the 
second  edition  of  Dana's  "Manual  of  Geology."  We  have  seen, 
however,  wliat  misgivings  on  the  subject  were  entertained  by  pro- 
fessor Hall,  and  how  he  permitted  his  respect  for  Sir  William 
Logan  to  compromise  his  own  palEeontological  convictions.  The 
"Group"  remained  a  stumbling-block  and  an  enigma  in  American 
geology  until,  failing  in  prestige  daring  the  last  decade,  it  received 
its  final  coup  de  grace  at  the  bands  of  the  Survey  itself,  in  1889.t 

•Geology  of  Canada.  1883,  p.  SJl. 

tflecond  Report  on  tho  Geology  ot  a  portion  of  the  Provlnoe  of  Quebec.  R.  W.  Ells. 

Ocol.  Sur.  Caiuida.  ..4  nnudl  Relent.  1807-88.  Muntreikl  ISHfl. 
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It  would  be  profitless  to  parsne  the  history  of  an  opiDion  vbioh 
bas  already  lost  its  hold  on  credence,  even  if  were  the  parpose  of 
the  preBent  memoir  to  deal  with  discussions  exolosirely  palseooto- 
logical.  Bat  the  rooks  have  been,  in  some  regions,  bo  confounded 
with  those  of  the  so-styled  Taconic,  that  the  inTestifj^ation  of  the 
latter  involves  a  review  of  opinion  on  the  former.  For  the  con- 
venience of  the  student,  therefore,  the  titles  of  the  principal  papers 
bearing  on  the  discussion,  ars  here  appended*       

•1861.    Logan.  Sir  W.  E. 

Id  "<'4)rrespaudoiice  of  Joachim  Barrande.  Bir  WilliiMa  Logan  and  Jamea  Uall. 
on  the  Taconlo  SfBUm.  and  the  Ago  ot  the  f ohbIIb  lound  In   the  Bock  of 
northern  New  England  and  the  Quebec  Group  ot  Bocks."  Amer.  Jour.  Sef. 
I1.3xxl.310-Z3«. 
last.    Lognn.  W.E. 

Determination  of  Age  of  Quebec  Bocks.  Amer.  J-mr.  Sd..  II,  xxilll,  lOS-a, 
IrtSa,    Logan.  W.  E. 

Considerations  relntlDg  til  the  Quebec  Croup  aud   the  Upper  Copper-bearing 
RockBOf  Lake  Superior  (Read  before  Montreal  Nat.  Illst.  Iioc.).  Amen  Jour. 
Sd-.U.  xxxlll.  32a-SZI. 
1M3.    Logan.  W.  E. 
'  The  Quebec  Group.    Oealoog  of  Canada,  imi.  [ip.2i>3»7. 

1883.    Logan.  Sir  W.  E. 

Letter  addressed  to  Mr.  Joachim  Barrande.  on  thv  Quebec  Group  at  ['olntli^rli. 
Montreal,  pp.  1-14.    Beprhited,  .Imcr.  Jour.Sel.,  H.  xxxvi,366-3?7. 
■MO.    LOKan.  ?1rW.  E. 

The  Quebec  Group  and  Its  DItIhIous.    Canivta  Report.  laSS-B.  pp.  4-6. 
IMS.    Ulchardaon.  JanicH. 

DIvIbIohh  of  the  Quebec  GrouD.    Canad.  Bcp.,  ISOS-fl.  pp.  SO-ai. 
1S70.    Klohardsoti,  James. 

Beport  OD  the  ?outh  Shore  below  QuctHic  [Rocks  of  the  QuobH'  Group].    Canad. 

Kep..  iHsa-isafl.  pp.  iiv-i4g. 

1873.  Selwyn.  A.  B.  C. 

Note  of  a  Piellmlnary  Oeologlra 
EngUsb  and  Winnipeg  rlrem 
Keii.torl8T2..3,pp.  8-lS. 
1S19.    Selwyn.  A.  B.C. 

Report  of  Observations  on  the  Stratigraphy  of  the  Quebec  Oroup  and  the  Older 
Crystalline  Rooks  of  Canada.    Coraid.  Rep.,  187T-8,  A,  pp.  1-15. 
1883.  Adams.  Frank  D. 

Notes  on  the  Microscopic  Structure  of  some  Bucks  ot  the  Quebec  Qroup.  Comiil. 
Rep.,  1R80-82.  A.  pp.  8-23. 
Uer.    Ella.  B.  W. 

Beport  on  the  Geology  ot  a  portion  of  the  Raatorn  Townships  of  Quebec.  Canad. 
'  Rep.  2d  Ser.  Vol.  II,  IBSS,  J.  pp.  1-TO. 
1868.    Ells.  R.  W. 

Second  Beport  on  the  Geology  'if  a  portion  of  the  Province  ot  Quebec.    Conod. 
Rep.  11W7-H.  Vol.  in,  Ft.  I.  K,  pp.  1-lM. 
ISao.    Ells.  R.  W. 

The  Stratigraphy  of  the  Quebec  Group    BuU.  Oeol.  Sne.  Amer.,  1. 453-468. 
1890.    Bralncrd.  Ezra  and  Henry  It.  tieely. 

The  CalclterouH  Formation  In  the  Chiimplain  Vallny.    With  a  Supplement  on 
the  Fort  Oassln  Bocks  and  their  Fauna.  Br  R.  F.  Whltfleld.     BuU.  OtOl.  Son- 
Anwr..l.SOl-!.M. 
1890.    Walcott,  C.  I>, 

A  reviewotDr.B.W.  Ells'  Second  Beport  on  the  Geology  of  a  Portion  ot  the 
Province  of  Quebec,  with  Additional  Notes  on  the  "Quebec  Group."    [His- 
tory ot  Views]  .,4nKr.  Jour.  Sri,,  III,.  ixxU,  101-115. 
ie».    Hunt.  T,  aterry. 

TheGeoluglcalHIstory  of  the  Quebec  Group.    American  Oeoloolst,  Vol.  Iv,  p.SIS. 
See,  alao,  the  roferenceson  theTaconIc  System,  many  ot  which  bear  on  the  Quebec 
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JOSIAH  D.   WHimBT. 

1847.  Joaiah  D.  Whitney  and  Joseph  W.  Foster  were  assistanta, 
in  184/,  of  t>T.  G.  T.  Jackson  in  his  sorrey  of  the  "mineral  lands" 
of  lake  Saperior;  and  Mr.  Whitney  continued  in  the  eame  capacity 
in  1848.  In  1849  and  1850,  Mesers.  Foster  and  Whitney  snooeed- 
ed  Dr.  Jackson,  and  their  Annual  Beport  is  dated  Boston,  Kot.  5, 
1849.  Mr.  Whitney's  observations  in  1847,  were  restricted  to  the 
copper-bearing  rooks,  mosUy  of  the  Ontonagon  district,  and  he 
had  no  ocoaaion  to.  introduce  general  views  in  his  report;  bnt  a 
part  of  Mr.  Foster's  notes  relate  to  a  traverse  from  lake  Superior 
over  the  Menominee  region,  toOreen  bay.*  Mr.  Whitney  does  not 
appear  to  have  traosmitted  to  Dr.  Jackaon,  anything  except  bar- 
ometric observations  as  tbe  resnlt  of  work  in  1848  {op.  dt,  pp 
644.616). 

.  iai9.  In  their  report  of  1849,  Messrs.  Foster  and  Whitney 
aay:  Experience  "has  demonstrated  that  the  veins  of  copper  and, 
its  ores  in  the  sandstone  and  conglomerate  are  not  to  be  relied  on, 
and  that  when  worked  even  to  an  inconsiderable  depth,  they  give 
ont.  .  .  All  the  prodnctive  lodes  are  confined  to  the  ranges  of 
trap.  .  .  The  associated  sandstone  and  conglomerate  belong  to 
the  Silurian  system,  and  rest  at  the  base  of  all  the  fossiliferoua 
rocks"  (p.  607.)t  Accompan^ng  Ibis  report  are  fonr  geological 
maps:  1.  IleBoyale;2.  Keweenaw  Point;  3.  The  dietrict  between 
Keweenaw  Bay  and  Chocolate  River;  4.  The  dietrioi  between 
Portage  Lake  and  Montreal  Biver.  On  the  3d  and  4th  of  these 
Maps,  the  term  "Azoic"  is  introdnced.  The  4th  Map  was  trans- 
mitted to  the  Secretary  of  the  Interior  by  a  letter  dated  Joly  25th, 
1849.  The  date  of  transmittal  of  the  other  is  not  known,  bnt  prob- 
ably, the  same  month.  On  the  3d  Map,  the  explanatory  legend 
presents  the  following  arrangement: 

Aqueous,  -{  Base  of  the  Silariaa  System,     -j  Bondatone. 

(  ( Quartz. 

Metamurphic,    \  Azoio  System,  i  SBOoharoidal  limeabme 

(  (  Sohistoae  Books. 

•The  Report  Is  tnund  on  pp.  TO-TSi  at  that  chaos  oF  literary,  scientlHc  and  BtatlBtlokl 
mKtler  called  Jacksoo's  Oooluglcal  Bepurt,  oocupfluK  pages  371-801  of  Annual  Matagt 
ondOjcuni«n(«,"184B-SO,  Part  III— axueptpaKfig  flOS-OM,  iDcludJiig  luur  mapB.ociMipled 
brFoatemnd  Whitney's  report  for  IMO,  whlrh  Is  iDterJected  Into  the  mldat  of  Jsok* 

tDr.  JkcIuoii,  (op.  ell.  p.  3M).  s&ya  "A-ntorior  to  m;  rosearcbes,  the  red  saadstoiie* 
oT  Ltilce  Superior  were  Buppueed  to  be  the  "old  rM."  and  subse^iuently  the  oplnloa 
that  they  belonged  to  tbe  Potsdam,  N.  V..  series,  gained  ground!  but,  from  the  facts 
that  the  mineral  composition,  assoclatlona  and  coDtentK  were  Identical  with  the  aand- 
■tonea  of  Nora  Sootla.  Connecticut,  Hossachuaette  and  New  Jersey,  and  that  the  dis- 
turbing agency  which  moTed  tbem  was  In  the  same  direction  and  produced  almllar.  If 
not  Identical  results.  I  waadlspoaed  to  regard  tboae  rocka  as  of  the  same  age,  or  aa  of 
the  New  Bed  sandstone  series.    This  Idea  haa  been  conflrmed." 
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Uwom  {  More  recent  thim  the  Azoic,  bnt  (  S^S?;^  ^^''*- 

FormaUon,     J     older  tbu  the  Bilnrian,         )  Bawat 

The  legend  on  the  4th  Map  is  as  follows: 

1  Lower  Magoeeian 
Limestone. 
Sandstone. 
Oonnlomervte. 
Hetamorpbio,    ^  Aaoio  System,  i  Sobistoae  Books. 

iContemporaneonB  with  ( Trap. 

SiJorian,  }  Jasper  and 

I     Qnartzose  Porphjiy. 
More  recent  than  Azoio,  ^  Oranite. 

1850.    The  firet  part  of  the  final  report,  relating  to  the  "Cop- 
per Lands,"  was  transmitted  April  15, 1850.*    In  the  IVth  chap- 
ter, the  authors,  treating  of  "Stratified  and  Sedimentary  rooke," 
comprise  them  nnder  three  general  divisions: 
III.     Compact  or  Lower  Magnesian  Limestones.     3.     Birdseye 
and  Black   river  limestone;    2.    Chazy  limestone;     1. 
Cslciferons  sandstone. 
n.     Inferior  Sandstone.     Potsdam  Sandstone. 
I.     Conglomerate.     Not  strictly  a  sedimentary  rook,  but  a  vol- 
canic tuff. 
Speaking  more  particularly  of  the  conglomerates,  the  suthois  state 
oonoeming  the  pebbles:  "Their  surfaces  do  not  present  that  smooth, 
polished  appearance  which  results  from  the  attrition  of  wBter,t  in 
fact,  a  close  observer  can  readily  distinguish  between  those  which 
have  been  recently  detached  from  the  rock  and  those  which  have 
been  for  a  time  exposed  to  the  recent  action  of  the  surf.    The  ood< 
glomerate  appears  to  have  been  formed  too  rapidly  to  suppose  that 
the  masses  were  detached  and  rounded  by  the  action  of  waves  and 
oorrents,  and  deposited  with  silt  and  sand  on  the  floor  bt  the 
ancient  ocean;  for  while  the  contemporaneous  sandstone  remote 
from  the  tine  of  volcanic  foci,  doss  not  exceed  three  hundred  or 
toar  hundred  feet  in  thickness,  the  united  thickness  of  the  conglom- 
erate bands,  in  the  vicinity  of  the  trappean  range  on  Keweenaw 
Point,  exceeds  five  thousand  feet      As  we  recede  for  a  few  miles 
from  the  line  of  the  volcanic  fissore,  these  amygdaloidal  pebbles 
disappear,  and  are  replaced  by  arenaceous  and  argillaceous  particles. 
We  are    therefore  disposed  to  adopt  the  theory  as  to  the  origin  of 
such  masses  first  suggested  by  Yon  Buch: '  When  basaltic  islands 
and  trachytic  rocks  rise  iu  fissures,  friction  of  the  elevated  rook 

*Btportonttieataloai/and  ropoorapfiv  o/  a  Portton  of  (he  LMe  Superior  Laitd  Dlttrltt 
in  Ott  Stale  ff  MlaMoan.  By  3.  W.  E'osl«r  and  J.  O.  Whitney,  United  States  Oeoli^lHta. 
Id  two  pftrte.  Part  I,  Copper  Lands.  Wsahlngtoii.  1850.  Bvd.  pp.  ZS4,  with  a  Uap  and 
III  Plates.   (SeiagEx.  Doe.  No.  60.  Bouse  ot  Repress ntatlTes,  Slst  Coag,  1st  Bess.) 

Whe  "altrltlOQ"  whloh  rounds  shore  pebbles  Is  not  "'attrition  of  water".  Perhaps 
the  authors  mean  attrition  <n  water. 
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against  the  walls  of  the  fissares,  o&oBeB  the  elevated  rook  to  be  en- 
otoeed  by  conglomeratea  composed  of  its  own  matter.  The  granitee 
oompofiiDg  the  BaDdstoDes  of  many  formations  have  been  separated 
rather  by  friction  against  the  empted  Toloanic  rock  than  destroyed 
by  the  erosive  force  of  a  neighboring  sea.  The  existence  of  these 
friction  conglomerates,  which  are  met  with  in  enormous  masses  in 
both  hemispheres,  testifies  to  the  intensity  of  the  force  with  which 
the  erapted  rocks  have  been  propelled  from  the  interior  throagb 
the  earth's  crust.  The  detritus  has  saddenly  been  taken  ap  by  the 
waters,  which  have  then  deposited  it  in  the  strata  which  it  still 
oovers'.*  Those  pebbles  having  a  highly  vesicnlar  stractore  may 
have  been  ejected  through  the  fissures  in  the  form  of  scoriffi  while 
in  a  plastic  state,  and  have  received  their  rounded  shape  from 
having  been  projected  through  wAter~oii  the  same  principles  as 
melted  lead  when  dropped  from  an  elevation  assumes  a  globular 
form  '-t 

On  page  112,  in  a  note,  the  authors  cite  similar  couglomfirates  of 
eruptive  origin,  in  the  Hawaiian  and  Fiji  islands,  as  deecribed  in 
the  report  by  professor  Dana,  on  the  Geology  of  the  Exploring 
Expedition. 

In  speaking  of  the  sandstone,  they  do  not,  like  Houghton,  dis- 
criminate between  that  which  is  interbedded  with  conglomerate 
layers,  and  that  which  overlies  both,  though  they  recognize,  as 
Houghton  did,  the  Hyuclinal  arrangement  of  the  beds  forming  the 
lake  basin,  and  give  a  theoretical  diagram  illustrating  it.  They 
say:  "During  the  deposition  of  the  sandetone,  namerous  sheets  of 
trap  were  ejected  and  flowed  like  lava  streamB,  and  the  igneous  and 
aqueous  products  were  so  intermingled  as  to  present  the  appear- 
ance of  having  been  derived  from  a  oommoD  origin."  (p.  110.) 
The  general  discussion,  however,  relates  to  that  which  Houghton 
had  denominated  "Ijower  or  Rfed  Sandstone." 

The  method  of  geologic  action  which  gave  origin  to  the  Oupri- 
ferouB  formation  is  conceived  by  the  authors  as  follows:  The  en- 
tire region  was  the  bed  of  an  ocean  of  heated  waters,  and  volcanic 
paroxysms  were  frequent.  Xumerons  fissares  through  the  cruet 
of  the  earth  resulted.  "Along  the  lines  of  theee  fiasures  existed 
numerous  volcanic  vents,  like  those  observed  at  this  day  in  Fern, 
Qranada  and  Java,  which  were  characterized  by  periods  of  activity 
and  repose.  From  these  vents  were  poured  forth  numerous  sheets 
of  trap,  which  flowed  over  the  sheets  of  sand  and  clays  then  is 
progress  of  accumulation.    During  the  throes  and  oonvnlsions  (^ 
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the  masa,  portions  oE  rook  woald  become  detaobed,  (md  rotiDd«d 
simply  by  the  effects  of  attntion,  ajid  jets  of  melted  matter  be  pro- 
jected ae  Tolcanio  bombs  throngb  the  air  or  water,  which  on  cool- 
ing would  assame  spheroidal  forms,  while  other  portions  of  the 
rook,  in  a  state  of  mechanical  divieioQ,  would  be  ejected  in  the 
form  of  ashes  and  slmd,  whloh  mingling  with  the  water,  would  be 
depoeited,  as  the  oscillations  subsided,  among  the  sand  ani  pebbles 
at  the  bottom  of  the  sea.  During  the  whole  of  this  period  of  Tol- 
oanic  activity,  the  sands  which  now  form  the  base  of  the  Silurian 
system  were  in  progress  of  aooumulation,  and  became  mingled 
with  these  igoeona  products"  (p.  120).  "Thus,  alternating  bauds 
of  igneous  and  aqueous  rooks  were  formed",  and  thus,  unlike  the 
theoTy  of  Dr.  Houghton,  which  regarded  the  trap  sheets  as  dykes, 
OUT  authoni  contemplate  them  as  overflows. 

1851.  The  second  part  of  Foster  and  Whitney's  report  on  the 
Mineral  Lands  of  Lake  Superior*  was  transmitted  to  the  secretary 
of  the  Senate,  November  20,  1851.  It  is  a  eompreheosive,  thorough 
and  B<Hentific  presentation  and  discnssion  of  the  general  and 
eoonomic  geology  of  the  region  embraced  —  with  the  exception  of 
matters  treated  in  Part  L  It  is  probably  the  most  meritorious 
production  to  that  time  issued  under  the  auspices  of  the  general 
government.  The  lithographed  engravings  are  superior,  but  the 
wood-cuts  are  obscure,  and  the  typography  and  paper  cheap  and 
unworthy.  This  volume  has  become  celebrated  as  the  one  in 
which  the  "Azoic  System"  was  established  in  America. 

In  the  preliminary  chapter,  a  general  classiGcation  of  the  rocks 
of  the  district  is  given,  of  which  the  following  is  the  lower  part  :t 

Aqueous.  -J  Sllurliin  »y!<t«nT.      J  Potdsuiu  H^niiBUnit^^  etc. 

I  fBedaof  QunrUaadSaoebsrolilal  Murlilu. 

MetBniorphI<-,     i  A7.0I1'  Sygtcni.  I  C'hlorltlc.  Talcoso  and  Aivllla<-pi)U3  81uU.-.s 

I  Gneiss,  Mlcu  and  tlombkntli!  Slute. 
( ^  (  ^^'",?  '^  Specular  and  Majtnotli; 

md  ScrtH 
rsduliild.    .  . 

Porphyry. 

I  I  KeldHpar  and  Quurtz  rock. 

I  Plutonic  Kyuiiite. 

I.    rooks.         Itfranito. 
"Below  all   the  fossilifevous  groups  of   this  region"  say  the 
authors,  "  there  is  a  class  of  rocks  oonsisting  of  vaiiooe  crystalline 

*Bqxitt  an  Ok  OefAngv  nfUit  Lakt  Supcrbir  Land  IHttrlct.  By  J.  W.  Foster  and  .1.  D. 
Whitney.  United  States  Geologists.  Pan  1 1.  The  Iron  Renloii.  tonethBc  with  the  Gen- 
eral Geology.  March  13. 1801:  Ordered  to  Iw  printed.  Waslilnston.  1851  Lt)-vo.,  pp.  406.  31 
pl&t«BOt  lllustratlonH,  and  a  ffeoloKlcal  map  of  the  upper  Peninsula  of  Michigan  and 
ot  the  north  shore  of  lake  Superior  from  Sturneon  hay  eiutward.] 

+  It  will  be  remenibered  that  In  all  the  stratlRraphlc  tahlchof  the  present  memoir, 
the  older  rocks  stand  below.  This  Is  an  Inversion  of  the  arrangement  adopted  by 
Foster  and  Whitney,  and  most  of  (he  earlier  writers. 

tTheage  ot  the  Potsdam  sandstone  was  diwussi-d  hy  the  autliorn  hi  Proc.  Amer, 
Amae..  Cincinnati  meeting,  1851,  (pp.  22-3H>. 


y,  Goo»^lc 


144  EIGHTEENTH  ANirDA.L  BEPoBT. 

BohiBta,  beds  of  quartz,  -and  saocharoidal  murble,  more  or  lew 
metamorphosed,  wbiob  we  denomioate  the  Azoic  system.  This 
term  was  first  applied  by  Marohison  and  De  Yemeoil*  to  desig- 
nate those  crystalline  masses  -whioh  preceded  the  Palnozoic  strata. 
Id  it,  they-  include  not  only  gneiss,  bnt  the  granitic  and  platonic 
rocks  by  which  it  has  been  invaded.  We  adopt  the  term  bnt  limit 
its  signification  to  thoee  rooks  which  were  detrital  in  their  origin, 
and  which  were  supposed  to  have  been  formed  before  the  dawn  of 
organized  existencaf 

Obviously,  there  is  a  degree  of  indefiniteness  about  this  definition: 
1st  Bemains  of  organization  may  be  found  in  rocks  which  "pre- 
ceded the  FolssDZoio"  aa  noderstoodbyMurohison:  2d.  Notonly 
gneiss  bnt  granite  and  syenite  may  yet  be  proven  of  detrital  origin. 
Thus  the  base  of  the  Palseozoio  may  be  lowered  either  by  the  dia- 
oovery  of  fossiltferoaB  rooks  between  the  Potsdam  and  the  top  of 
the  Azoic  aa  known  to  Foster  and  Whitney,  or  by  the  discovery  of 
foesiU  within  the  Azoic  rocks  as  thus  known;  and  the  base  of  the 
Azoic  may  be  raised  by  the  demonstration  of  the  original  igneous 
oondition  of  the  gneisses,  or  lowered  by  the  demonstration  of  the 
original  sedimentary  condition  of  the  granitoid  masses.  These, 
however,  are  only  practical  difficulties  in  the  application  of  the 
conception  of  Foster  and  Whitney.  The  conception  as  above  de- 
fined is  clearly  delimited  and  rational.  By  a  reasonable  applica- 
tion of  the  conception,  the  Azoic  system  would  always  embrace 
the  strata  beaeatb  the  oldest  at  any  time  found  to  be  fossiliferoasj 
and  above  the  rocks  at  any  time  held  to  l>e  igaeoos  in  origin.  This 
was  very  nearly  Emmoos'  first  conception  of  the  Taoonio,  nine  years 
earlier;  bnt  he  recognized  the  Potsdam  sandstone  as  the  base  of 
the  Silurian  system,  and  only  by  provisional  inference,  the  base 
of  the  Palseozoic  series  so  that  when  strata  older  than  the  Fotedsm 
were  found  fossiliferons,  he  changed  his  view  in  reference  to  the 
azoic  character  of  the  Taoonic,  and  thereafter  insisted  that  it  was 
a  zoic  system. 

"Moat  of  these  rocks  [of  the  Azoic  system,]  the  authors  state, 
"appear  to  have  been  of  detrital  origin,  but  greatly  transformed  by 
long  exposure  to  heat.     They  are  sub-crystalliae  or  compact  in 

'The  Oiolngv  of  Rimia  In  Curapi!  and  On  Vrtd  SluantadU.  vol.  I,  p.  10, 1BI3..  See  also, 
Proc.  Owl.  S<x.  Land.,  vol.  It.  p.  802, 1840. 

tFoster  aod  WbltacT.'  RiP-  P-  3. 

tUr.  Whilneybas  Indicated  the  posalb[I1tf  that  the  apperlimtt  at  the  Aiolo  might 
baveto  tkoplaoed  lower  than  the  base  of  Lhe  PotadamSBudHtone.  "If  we  And  In  this 
country,  a  aeries  of  tosalllferouHbedB  bolow  thoue  at  present  recognised,  and  whose  or- 
gaalo  ooDteDtB  caunot  bo  conaldered  as  being  of  Lower  Silurian  tyjw.  let  ob  (Ire  them 
anew  name  whlchshall  notlnrolveuaiQany  Oambrlan  oontroversles."  (Anw.  Jbnr, 
StU  II,  xxIII.  p.  ai4}. 
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their  straotare,  and  rarely  present  aneqaivooal  signs  oE  stratifioB- 
tion.  They  exhibit  the  most  violent  dialocations;  in  one  place  the 
beds  are  vertics],  in  another,  rerereed,  and  in  another,  present  a 
BQcoeBsioD  of  folded  axes.  Intermingled  with  them  is  a  class  of 
rooks  whose  igneoas  origin  cannot  be  doubted,  and  to  whose  pres- 
ence, the  metamorphism  so  oharaoteristio  of  this  series,  is  in  some 
measare  to  be  ascribed.  They  consist  of  varying  proportions  of 
hornblende  and  feldspar,  forming  traps  and  basalts,  or,  where 
magnesia  abonnds,  pass  into  serpentine  rocks.  They  appear  in 
some  instances  to  have  bnen  protmded  through  the  pre-exist- 
ing strata,  ia  tne  form  of  dikes  or  elvans,  in  others,  to  have  flowed 
in  broad  lava  streams  over  the  ancient  surface;  and  in  others,  to 
have  risen  up  through  some  wide-spreading,  expanding  fissnre, 
forming  axes  of  elevation"  (p.  8). 

"Many  eminent  geologiste  maiataiu  that  the  lowest  stratified 
rooks  are  bat  portions  of  the  Silurian  or  Cambrian  system;  and 
that  from  long  oontiuued  exposure' to  heat  the  lines  of  stratification 
have  become  obscure,  and  all  traces  of  organic  remaina  obliterated. 
Our  investigations  in  this  distriot  have  led  as  to  a  different  oonolos- 
ion.  If  the  Potsdam  sandstone  rests  at  the  base  of  the  Palieazic 
series;  if  from  that  epoch  we  are  to  date  the  dawn  of  animal  crea- 
tion, there  is  in  this  district  a  class  of  obscurely  stratified  rooks 
interposed  between  the  Silurian  system  and  the  granite — rocks 
distinct  in  character,  unconformable  in  dip,  and  destitute  of  or- 
ganic remains"  (p.  10). 

The  anthers  quote  from  the  early  reports  of  "Mr.  Logan,  the 
distingaished  Provincial  geologist  of  Canada,  for  the  purpose  of 
stating  that  the  two-fold  division  of  these  rooks,  described  by  Mr. 
Logan*  has  not  been  observed  on  the  southern  shore. 

In  reference  to  the  blending  of  igneous  and  sedimentary  char- 
acters in  the  Azoic  rocks  of  the  south  shore,  the  aathors  qnote 
from  de  la  Beche  a  paseage  which,  though  it  possesses  only  the 
authority  of  an  individual,  needs  to  he  borne  in  mind  in  the  more 
recent  attempts  to  interpret  the  rocks  in  question,  whether  on  the 
Bonth  or  the  north  shore.     This  is  the  passage: 

"There  is  so  intimate  a  mixtnre  of  compact  and  schistose  trap- 
peaa  rocks  with  the  argillaoeons  slates  fof  Bossiney,  Cornwall] 
that  the  whole  may  be  regarded  as  one  system,  the  two  kinds  of 
trappean  rooks  having  l>een  probably  erapted,  one  in  a  state  of  ig- 
neous fusion,  and  the  other  in  that  of  an  ash,  during  the  time  that 

'Report  nf  Prosmu,  IS44-T,  p.  10.  It  Is  clear  that  the  upper  division  here  Indicated  la 
the  metamorphic  rocks  Is  wbat  was  afterward  denominated  AntnOce,  But  we  shall 
return  to  tb la  point.  It  la  also  sppareat  that  this  dlvlslou,  It  Dot  entlreljr  wsnUng  od 
the  southern  shore,  is  ver;  lucoDsplcuousIf  developed. 
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Uie  mad  now  forming  elates,  was  depoeited;  the  mixture  being  ir- 
regolar  from  f be  irr^alsr  action  of  the  respective  oniiBeB  wiiioh 
produced  them,  so  that,  as  one  may  have  been  derived  from  igneoos 
HotioD,  and  the  other  from  the  ordinary  abrasion  of  preexisting 
solid  rooks,  they  were  geologically  oontemporaaeoas." 

Some  farther  remarks  by  the  aatbors  relate  speoifically  to  the 
rocks  on  the  soath  shore  of  lake  ISaperior.  "Many  of  the  igneons 
rocks  of  this  t^od  form  neither  long  lines  of  dykes  nor  axes  of 
elevation,  bat  broad  sheets,  bearing  the  same  relation  to  the  slates 
that  the  trappean  bands  of  Keweenaw  Point  do  to  the  conglomer- 
ates. Many  of  the  slates  appear  to  be  composed  of  pulverulent 
greenstone,  as  though  they  might  originally  have  been  ejected  as 
an  ash,  and  subsequently  deposited  as  a  sediment,  and  pass  by  im- 
perceptible gradations  from  a  highly  fissile,  to  a  highly  compact 
slate."  Some  of  these  phenomena  are  compared  with  sub-oceanic 
salses, "pouring  forth  streams  of  pulverulent  material  to  l>e  mingled 
with  ordinary  fragmental  deposits. 

Messrs.  Foster  and  Whitney,  in  oonclnding  their  aooount  of  the 
general  geology  of  the  Azoic  system,  seek  to  strengthen  its  estab- 
lishment by  pointing  ont  the  existence  of  a  similar  series  of  rooks 
in  other  states — in  Minnesota,  Arkansas,  Missouri,  New  York,  Penn- 
sylvania and  Virginia.  They  refer  to  the  evidence  supplied  by  the 
brothers  Bc^rs,  that  the  seriee  of  obscurely  stratified  rooks  known 
as  the  gneissoid  series,  Hank  the  Appalachian  chain  on  the  east 
throughout  its  entire  extent  Taming  to  the  Old  World,  they  cite 
the  well  known  witnesses  to  the  existence  of  similar  azoio  rocks  in 
Scandinavia,  Oreat  Britian  and  Bohemia  (pp.  S'd,  34.) 

As  to  the  origin  of  the  mass  of  magnetic  oxides  of  iron,  having 
shown  that  they  occur  in  beds  instead  of  trae  veins,  they  consider 
the  evidences  of  an  igneous  and  of  a  metamorphic  origin,  and  con- 
clude: "On  the  whole,  we  are  disposed  to  regard  the  specular 
and  magnetic  oxidra  of  iron  as  a  pnrely  igneons  product,  in  some 
instances  poured  oat,  but  in  others  sublimed,  from  the  interior  of 
the  earth.  .  .  Where  these  ores  occur  in  a  state  of  almost  ab- 
solute purity,  iu  the  form  of  vast  irregular  masses,  oconpying  pre- 
existing depressions;  or  where  the  incumbent  strata  are  metamor- 
phosed and  folded  over  them;  or  where  they  are  traversed  by  long 
lines  of  f  errnginoufi  matter  in  the  form  of  dykes — there  can  be  little 
doabt  that  these  ores  have  risen  up  in  a  plastic  state  from  below. 

"Where  they  are  found  impregnating  metamorphic  products, 
such  as  jasper,  homstone  or  chert,  quartz,  chlorite  and  talo  slate, 
not  only  interposed  between  the  laminip,  but  intimately  inoorpora- 
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ted  witb  the  mass,  giving  ifc  a  baaded  straotare,  ve  regard  it  as  the 
Tesaltof  sabliiuBtioii  from  the  interior." 

"When  they  are  incladed  in  metamorphio  etrata,  in  the  form  ot 
beds  of  variable  width,  with  a  oonEormable  range  and  dip,  and 
with  minate  particles  of  the  associated  rook  mechanioalty  mixed 
with  the  ore,  we  are  disposed  to  regardthemastheresnltof  aqneoos 
deposition,  althongh  the  materials  may  hnva  been  derived  from 
the  rnins  of  purely  igaeoaa  prodaots"  (p.  68.) 

In  1857,  Sir  William  Logan  and  the  Canadian  geologists  having 
recognized  two  distinct  systems  beneath  the  Potsdam  sandstone, 
Mr.  Whitney  returned  to  the  defence  of  the  syBtemio  unity  of  the 
sob-Silurian  rocks,  and  of  the  system  which  he  and  Mr.  Foster  had 
proposed  to  receive  them.*  Mr.  Whitney  thinks  this  divergence 
of  opinion  is  "dne  entirely  to  a  diSerent  anderetandlng  of  the 
origin  and  relations  of  the  oopriterone  formation  of  lake  Superior 
and  espeoially  of  that  portion  of  it  which  belongs  to  the  southern 
shore  of  the  lake"  ( p.  306. )  He  proceeds  accordingly,  to  establish 
the  proposition  that  the  cupriferoos  series  of  interbeddod  traps, 
oonglomerateB  and  sandatonee  are  ooUeetively  the  equivalent  of 
the  sandstone  extending  generally  along  the  eonth  shore.  This 
being  so,  uothiDg  remains  between  the  cupriferous  series  and  the 
granite  except  the  iudivtsibla  series  of  rocks  which  Foster  and 
Whitney  had  styled  the  Azoic  system. 

If  we  follow  Mr.  Logan,  he  says  in  effect,  we  most  admit  that 
the  capriferous  belt  lies  nnconformably  beneath  the  sandstone. 

"We  moat  also  admit  that  these  cuperiferous  rocks  are  identical 
in  age  with  the  series  of  quartz  beds  and  jasper  conglomerates 
displayed  on  the  north  shore  of  lake  Huron,  and  hence  called 
'  Haronian.'  Therefore,  according  to  Mr.  Logan's  views,  since  the 
cupriferous  series  of  lake  Superior  rests  nnconformably  on  a  still 
lower  formation  of  ehalee,  quartz  rock,  etc.,  the  rocks  of  lake 
Huron  must  also  do  the  same,  although  no  snch  fact  has  been  ob- 
served. Hence,  we  must  recognize  two  systems  beneath  the  Pots- 
dam sandstone,  one  the  Hnronian,  comprising  the  cupriferous 
rocks  of  lake  Superior  and  the  formations  of  the  north  shore  of 
lake  Huron,  the  other,  the  Laurentian,  including  all  the  rocks  of 
Canada  and  the  Northwest  which  we  should  designate  by  the 
term  'Azoic,'  with  the  exception  of  those  of  lake  Huron,  as  before 
indicated." 

"  The  principal  question  to  be  settled  then,  is  this  :  What  are 
the  relations  of  the  cupriferous  rocks  of  lake  Superior  ?     Do  they 
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coDBtitnte  a  distinct  eystem  by  tbemseWes,  or  are  they  part  and 
paroel  of  the  Potsdam  eandstone  itself?"  And  this  ia  the  questioa 
which  Mr.  Whitney  proceeds  to  answer  affirmatively.  Mr.  Whit- 
ney's two  main  positions  as  against  those  of  8ir  William  Logan, 
may  be  stated  thoe : 

1.  The  onpriferons  formation  is  tio^  distinct  from  the  Potsdam. 

2.  The  Hnrouian  rocks  are  not  egntvalent  to  the  cnpriferona. 
In  1884,  piofesBOT  Whitney  again  retarued  to  a  vindication  of 

the  integrity  of  the  Azoic  syetein.*  In  an  extended  and  elaborate 
memoir,  Messrs.  Whitney  and  Wadsworth  review  all  that  had 
been  written  in  America  on  rocks  embraced  nnder  the  Azoic  syB> 
tem.  They  pnrsne  the  method  of  liberal  quotation,  in  sotting  forth 
the  views  of  the  various  writers,  and  accompany  the^e  by  critical 
remarks.  The  authors  find  very  little  to  commend  in  this  litera- 
ture, but  ilifioover  many  opportunities  for  caostic  comment,  seem- 
ing almost  to  forget  that  possibly  the  honest  search  for  tmth  may 
not  lie,  precisely  in  an  adoption  of  the  views  of  the  originators  of 
the  Azoic  system.  Still  there  is  a  good  amoont  of  justice  in  the 
following  sentence,  extracted  from  their  "Besume:" 

"We  think  that  it  is  impossible  for  any  unprejudiced  worker  in 
this  department  of  science  to  peruse  with  care  the  preceding  pages, 
and  not  feel  obliged  to  admit  that  the  geology  of  a  large  portion  of 
this  country,  and  especially  that  of  Canada  and  New  England, 
is  in  an  almost  hopeless  state  of  confusion.  We  thing  that  it  must 
have  been  made  clear  to  the  candid  mind,  that  the  geologist  wonld 
find  himself  completely  baffled,  who  should  endeavor  to  obtain  any 
definite  knowledge  of  the  real  nature  and  order  of  snooession  of 
the  recks  which  cover  so  large  a  portion  of  the  region  in  question, 
from  the  stndy  of  that  which  has  been  published  with  regard  to 
them.  We  believe  that  we  are  jastifiedin  going  still  farther,  and 
saying,  that  our  chances  of  our  having,  at  some  future  time,  a  dear 
understanding  of  the  geological  structure  of  northeastern  North 
America  would  be  decidedly  improved,  if  all  that  has  been  writtrai 
about  it  were  at  once  struck  out  of  existenoe"  (pp.  619-520.) 

All  this  tends  to  prove,  as  the  authors  think,  that  no  real  pro- 
gress has  been  made  in  azoic  geology  since  1850.  llieir  impres- 
sive resnm^  embraces  the  following  positions:  First,  No  evidence 
has  been  presented  of  the  existence  of  life  anterior  to  the  advent 
of  the  primordial  fauna  of  Barrande — that  is,  in  those  metamorphie 
rocks  which  were  at  first  united  in  a  system  styled  "Azoic"  The 
supposed  organism  known  as  EozoOn,  is  only  a  peonliar  arrangs- 
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nent  of  oryatalline  m&tter.  Its  or^siiio  nature  tab  never  oodbib- 
tenUy  defended  by  D&waon  and  Carpenter.  Tbe  segregated, vein- 
like  character  of  tlie  liniestoneB  in  wbicli  it  ocoars  in  eastern 
MassaohosettB,  has  been  affirmed  by  Barbank,  Ferry  and  Dr. 
Wadsirorth,  and  the  final  coup  de  grace  has  been  administered  by 
Dr.  MSbios.  The  epitaph  has  been  written  by  F.  Bomer  and 
2ittel.  As  to  the  organic  origin  of  the  crystalline  limealones, 
there  is  nothing  whatever  to  prove  it,  while  the  presene  of 
■caloite  and  calcitic  formations  in  metalliferous  veins,  and  in 
'dykes  and  amygdaloids  is  sufficient  proof  that  the  existence  of  a 
limestone  does  not  neoesssrily  imply  conditions  compatible  with 
organization.  Graphite,  too,  instead  of  being  a  derivative  of 
vegetable  snbstanoes  is  found  in  the  presenoe  of  indications  of  in- 
iense  heat,  and  has  never  been  found  in  saoh  situation  as  to  justify 
the  inference  that  it  resulted  from  the  transformation  of  coal.  As 
to  the  origin  of  masses  of  magnetic  and  specular  oxides  of  iron, 
there  is  nothing  in  the  laws  of  chemistry  to  forbid  their  eruptive 
nature,  while  the  diBtribntiou  of  iron  in  meteorites  and  on  the 
earth,  and  the  evidences  touohiug  the  mineral  nature  of  the  earth's 
interior,  all  tend  to  show  the  probability  that  the  iron  of  the  ear- 
liest times  was  connected  with  the  agency  of  heat  rather  than  of 


Secondly,  Ab  to  the  admissibility  of  a  subdivision  of  the  azoio 
Tocks,  the  authors  maintain  that  no  adequate  ground  has  yet  been 
presented.  They  moreover,  preclude  the  possibility  of  such  ground 
by  laying  down  the  oanon  that  ol^erved  snooessions  of  life  are  the 
only  justification  of  a  chronological  arrangement  of  rooks.  Of 
course,  no  snocesBions  of  life  are  possible  where  no  life  exists.  To 
pronounce  a  series  azoic  and  demand  the  application  of  the  pa1»- 
outologioal  dogma,  is  to  move  the  previous  question  without  debate. 
Whether  there  are  or  may  be,  good  grounds  other  than  palseon- 
tolc^ioal,  tor  a  anooeesional  arrangement  of  terrenes,  is  a  question 
which  will  be  considered  in  the  sequel  of  this  memoir.  The  min- 
-eralogioal  and  lithologloal  baBes  of  various  proposed  divisions  of 
the  Azoic  are  exemiued,  and  baBides  their  exclusion  at  the  three- 
hold  by  the  canon  laid  down,  are  represented  as  inherently  conflic- 
ting and  invalid.  Finally,  to  illustrate  the  misleading  character 
-of  miueralogical  criteria,  they  push  the  principle  in  abaurdam  by 
propoeisg  ironioally,  a  diviBiou  of  the  Azoio  into  twelve  ayatems 
baaed  on  predominant  mineral  oharacteriBtios. 

This  memoir,  though  oharaoterized  by  a  spirit  of  dogmatism  and 
wholesale  contempt  of  ooutemporary  research,  justified  only  by 
the  aesomption  of  infallibility  in  the  work  of  its  authors,  is  Btill, 
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a  masterly  review  and  a  foroetal  argument,  challeDging  aeriooB 
reooDsideratioD  of  tbe  eridencdB  on  whiofa  many  of  oar  recent 
judgments  have  been  baaed. 

T.  Stebby  Hunt. 

Dr.  Hunt's  writings  on  pre-Silnrian  rocks  have  been  voluminous 
and  long  cootinued.  His  utterances  are  largely  of  an  inferential 
and  deductive  character,  based  on  the  field-observations  and  judg- 
ments of  others,  backed,  however,  by  numerous  personal  reconcois- 
sances.  He  appears  to  have  been  to  some  extent,  the  expositor 
and  commentator  and  public  representative  of  the  Canadinn  enr- 
vey.  The  value  of  his  work  in  the  aggregate  —  especially  his 
chemical  and  mineralogical  work,  is  great.  He  has  made  a  dura- 
ble impression  on  the  scieuoe  of  his  day.  But  his  proper  geologi- 
cal atterancea,  while  always  learned  and  sagacious,  have  some- 
times possessed  doubtful  value.  From  lack  of  close  adherence  tc^ 
observations  made  by  himself,  and  from  too  much  readiness  to  give 
utterance  to  the  intuitions  of  the  moment,  he  has  fallen  into  occa- 
sional self -inconsis ten cies,  and  many  conflicts  with  his  fellow 
workers  in  geology.  Partly  for  saoh  reasons,  I  shall  not  follow 
oat  in  detail  the  varying  atterances  which  during  a  long  life,  he 
has  placed  ou  record. 

1855.  Dr.  Hunt  appears  to  have  been  the  first  to  employ  the 
term  "Haronian"  in  its  application  to  a  series  of  rocks.  In  "A. 
Sketch  of  tbe  Geology  of  Canada,"  speaking  of  the  rocks  on  the 
north  shore  of  lake  Huron,  then  recently  studied  by  Mr.  Murray, 
he  says : 

"As these  rocks  underlie  those  of  the  Silurian  system,  and  have 
not  as  yet,  afforded  any  fossils,  they  may  probably  be  referred  to 
the  Cambrian  system  (Lower  Cambrian  of  Sedgwick).  .  .  Thia 
Huronian  formaiicm  is  known  for  a  distance  of  about  150  leagues- 
upon  lakes  Huron  and  Superior."* 

1858.  Dr.  Hunt  eu^ested  evidences  of  the  contemporary  ex- 
istence of  oreaDic  life  in  the  limestones,  graphite  and  iron  ores  of 
the  Laarentian.f 

On  the  discovery  of  Eozoon  so  called,  he  discussed  the  mineral- 

•  Canada  M  Ow  Vnlvenat  EijiotfUon  at  189A.  pp.  W,  tS».  [S«gul«w  giotoaive.  pp.  K  33. 
1KK|.  Ur.  Hurray,  ua  we  have  seen,  bad  already  employed  the  terta  HunmUmieHa, 
Id  hlF  report  for  ISM  ;  but  that  was  not  prlnMd  till  185T.  Neither  he  nor  Hunt  employed 
tbe  term  deliberately,  as  the  dealgnatlon  of  a  well  oomprehended  system  ol  rocks,  but 
only  to  oxpreaa  the  geograpblcal  position  ot  certain  loCkH  referred  to.  In  1857,  Str 
William  Logan  made  formal  announcement  to  the  American  Association,  that  the 
term  Huronian  hul  been  adopted.   See  nnt^,  pp.  13a,  134. 

tQuor.  Jour.  Oeol.  Soc.,  xv,  49». 
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ogical  relatioas  of  the  object,  and  gave  the  Dame  log(mite  to  a  anp- 
posed  new  mineral  form.* 

Id  the  Esquisae  g^logique  du  Canada,^  Dr.  Hant  deBoribed 
the  Lanrentian  syatem  as  embraoiDg  two  distinct  series,  one  rest- 
ibg  discordantly  od  the  other.  These  he  denominated  Lov^ 
Lanrentian  and  Upper  Latirentian  or  Labradorian  (afterward  call- 
ed by  him  Norian). 

The  Bo^alled  "HastiDgs  series"  was  first  brought  ioto  Dotice  in 
1852-3  by  Mr.  Murray  (pp.  103-108),  aud  in  the  dieouseion  of  tbeee 
rooks.  Dr.  Hant  frequently  participated.  In  1863,  he  gave  an- 
alyses of  the  limestones  {Rep.,  1863,  pp.  692-3).  In  1867,  he  stated 
that  the  Hastings  series  reposed  in  concordant  airatijication  on  the 
LanreDtian  gneisB,  but  that  the  Upper  Laurentian  or  Labradorian. 
rested  uncon^ormably,  not  only  on  the  Lower  Lanrentiaa.ybut  also 
■oa  the  Hastings  aeries.^ 

Id  1869,  he  identified  as  Lanrentian,§  "the  great  gneiasic  and 
bornblendio  formation  stretching  throagh"  the  northeastern  por- 
tion of  Maesaohnaetta,  and  inclosing  orystalline  limestones,  and  on 
the  groond  of  their  age,   promoted  sucoeesfally  the  eearcb  for 


In  1870,  his  attention  was  again  tamed  to  the  geology  of  eastern 
New  England,!!  ^°d  he  recorded  the  oonoloaion  that,  "In  fact,  the 
schists  and  gaeisses  of  the  White  Mountains  are  clearly  distinct, 
lithologioally,  from  the  Laurentian  and  the  Hnronian,  aa  well  as 
from  the  orystalliDe  rooka  of  the  Green  Monataina,  and  from  the 
fosailiferons  Upper  Silurian  atrata,  which  lie  at  the  aonthwestem 
base  of  the  Canadian  prolongation  of  the  latter."  (p.  84.).  Turning 
then,  to  the  Hthologioal  characters  of  the  "Hastings  series"  in 
-Canada,  he  aays  Mr.  Yonnor  has  ahown  that  "it  rests  unconforma- 
bly  upon  the  old  Lanrentian  gneiss,  while  it  ia  at  the  aame  time 
overlaid  by  the  horizontal  limeatouea  of  the  Trenton  group.  This 
intermediate  series  which  attaina  a  thiokneaa  of  several  thousand 
feet,  ia  terminated  by  calcareo-mioaceoua  aohiata,  in  which  EozoOn 
«a?uw/en8e  has  been  found,  both  in  Madoc  and  Tudor."  (p.  85.)  He 
then  SDmmarizes  Mr.  Murray's  ol>servatioDa  in  Newfoundland  in 
1866  and  reoogoizes  there  a  masd  of  rocks  "immediately  auooeeding 
the  LaoreDtiao,"  and  oonoludea: 

"From  theee  investigationB  of  Mr.  Murray,  we  learn  that  be- 
tween the  Lanreatian  and  the  Quebec  group,  there  exists  a  series 

'OeolOBV  of  Canada,  1S63,  p.  4W. 
fParUBihlbttbmoflflST.p  10, 
'     tSagulMt  giOlofflgai  pp.  B,  B. 

lOa  LaurentlKD  rooks  In  eastern  HaaBkobusettB.  Am.  Jour.  Set. ,  II  xlli,  75-78. 
)"On  the  Oeokwr  of  EJastern  New  Englaiid."  Amer.  Jour.  Sel.  n.  1. 88^0. 
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of  several  thooBsBd  feet  of  strata,  inolnding  soft,  blaish-fi^ay  mio» 
slates  and  mioaceoos  litoestoDes  belonging  to  the  FotsdAm  group; 
besides  a  great  mass  of  vhitieh  granitoid  mica  slates  whose  rela- 
tion to  the  Potsdam  is  still  uncertain.  To  the  whole  of  these  we 
may  perhaps  give  the  provisional  name  of  the  Terranovan  series^ 
in  allusion  to  the  name  of  Newfoundland."  (p.  87.) 

The  Terranovan  series  therefore  ocoupies  a  portion  of  the  inter- 
val in  which  lies  also  the  "Norian"  and  the  "Horonian,"  and  it 
overlaps  the  Potsdam.  To  this  he  referred  the  White  Monntaiit 
rooks,  as  well  as  certain  rocks  in  New  Bnmswiok. 

In  1868,  he  prepared  a  memoir  on  the  mineralogy  of  the  "Laa- 
rentian  limestones  of  North  America*"  in  which  be  wrote: 

"Id  the  ooanty  of  Hastings,  in  the  Province  of  Ontario,  not  less- 
thao  21,000  feet  of  strata,  consisting  of  crystalline  ochists,  lime- 
stone and  diorite  are  foond  resting  confijrmably  upon  Lanrentian 
gneiss."  (p.  48.) 

In  a  postscript  (p.  98,)  he  states: 

"More  recent  researches  by  the  Oeologioal  Survey  of  Canada  have- 
ahown  that  the  rocks  of  Hastings  connty,  Ontario,  noticed  on  page 
48,  rest  unconformably  upon  the  Lanrentian,  and  belong  to  one^ 
and  possibly  two,  distinct  systems.  The  upper  and  larger  portion 
ooneists  in  great  part,  of  mica  schist  and  mioaoeoos  limestones,  while 
at  the  base  are  great  maeeesofdioritio  and  horDblendioschists,  with 
iron  ore,  p<»SBibly  of  Horonisn  age." 

In  1873,  he  was  reported  as  follows: 

"As  regards  the  Norton,  which  had  been  once  joined  to  the- 
LanrenUan,  he  had  elsewhere  shown  that  we  had  reason  for  sus- 
pecting that  it  might  be  more  recent  than  the  Horonian,  and  pos- 
sibly than  the  3£ontalban,  a  conolnsion  which  appeared  to  be  oon~ 
firmed  by  the  facts  made  known  by  Hitchcock."! 

In  1875,  he  retoroed  to  a  study  of  the  White  mountains,  or  Mon- 
talban  series,  which  he  had  already  identified  with  the  HaatingB- 
aeries.    He  said :. 

"These  ancient  rocks  are  also  lai^ely  represented  in  Hastinga 
eonnty,  Ontario,  where  they  occapy  a  position  between  the  Lan- 
rentian [i,  e.  Lower  Laureutian]  and  the  fossiliferons  limestonefr 
of  the  Trenton  group,  and  are  the  equivalents  of  similar  limeetonea 
and  micaceoos  quartzytes  in  Berkshire  ooanty."^ 

In  1878,  Dr.  Hunt  referred  the  limestones  of  the  Hastings  series 

'TuienttHti^Jnao^BtportoftlitBeotntaofOitVniMrtUviif  OitStaUo/NtvTorIt,  Ap- 
•podli,  pp.  IT-te. 
fProt.  Bott.  Soo.  SaL  HItL,  iBO.  x*.  SU). 
tPne.  Boe.  BtM.  ITot.  BtU.,  VOS,  ztU,  flOB. 


DiqitizeabyGoOt^lc 


STATE  GEOLOQIBT.  153 

to  the  lover  Taoonio  (Taoonian).*  In  his  "  Obemioal  and  Oeologi- 
oal  EeeayB,"  the  HastiagB  limestones  and  slates  are  said  to  lie  be- 
tween the  Haroniaa  and  Trenton. 

In  1878,  be  prepared  a  synopaist  o^  hie  views  on  the  olasBifica- 
titm  oE  liloaoio  (Archssan.  Azoio)'rook8.  Their  divisiona  were  dis- 
tribated  as  follows : 

Id.  MoNTALBAN.  Named  in  187^=TerranoTan3,  well  dis- 
played in  the  White  Mountains,  and  ocoapying  large  areas  in  New 
England  and  soathweetward  ;  a  great  mass  of  crystalline  Bohists. 
Gneisses  distingaiahed  from  those  of  the  Laorentian  by  being 
finer  grained  and  having  white  feldspar.  The;  are  less  firm  and 
more  tender,  often  containing  silvery  mica,  and  pass  into  coarser 
mica  sohists.  This  series  contains  granalar  olivine  rooks  [dum'/e] 
often  accompanied  by  enstatite  [^aaxonite  of  Wadsworth}. 

Ic.  HuBONUfi.  Named  in  1855,  more  or  less  schistose,  crys- 
talline rocks,  resting  anconformably  on  the  Lanrentian.  "The 
Green  mountain  seriea"  Contain  jaapery  petrosilex,  becoming 
porphyritio  by  the  presence  of  feldspar  and  of  qaartz  in  a  com- 
pact base,  sometimes  sohistose  and  finely  laminated.  Contain 
basally,  chloritio  schists  altered  from  diabases.  [The  description 
applies  to  the  lake  Superior  pseudo-Huronian,  not  to  the  original 
lake  Hnron  Hnronian.] 

lb.  NoBlAN.  The  apper  portion  of  the  Lanrentian  series  on 
the  Ottawa  river.  A  distinat  terrane,  resting  nnconformably  npon 
the  gaeisses  and  crystalline  limestones  of  the  Lanrentian.  The 
former  Upper  Lanrentian  or  Labradorian.  Consists  chiefly  of 
anorthic  [triclinio]  feldspar,  sometimes  almost  withont  admixtare  ; 
sometimes  accompanied  by  small  portions  of  hornblende,  of  pyrox- 
ene or  of  hypersthene  (hypersthenite  or  hyperite).  Fioe  or  coarse. 
Colors  white,  pale  bluish  or  greenish,  dark  lavender,  smoke-blae 
or  nearly  black.     Titaniferons  iron  occurs  in  great  beds. 

la.  liAUEENTlAN.  Named  in  1854,  prevailingly  a  strong,  massive 
gneiss,  reddish  or  grayish,  sparingly  micaceoas,  very  often  horn- 
blendic  The  crystalline  scfaiats  absent  Crystalline  limestones 
present,  often  associated  with  l>edB  of  quartz.  Masses  of  magne- 
tite. Beneath  these  (the  Qrenville  series)  a  great  maas  of  grani- 
toid gneiss  withont  limestone  (the  Otlawa  gneiss). 

Above  the  Montalbonis  placed  the  Taooniam  (=Lower  Taconic); 
QCEBEC  groop  (^^Upper  Taconio  or  Cambrian),  (pp.  10, 11, 12, 18, 

21); 

•IVoo.  BotL  Sac  StU.  BitL,  ItflS,  ilx.  278 ;  pretaoe  to  seoond  edItloD  ot  CAcm.  ami  OtaL 
Xttayt,  pp.  xiU,  xxrl. 
-     tTh«  OeoloabOM'  Trmidlna  Handbooft.    By  Dr.  James  Hacl&rlaiie,  New  York,  ISnt.  i  It 
wsa  elreal&tod  before  the  close  of  1S7S. 
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The  foUowing  is  Dr  Hant'B  view  of  the  taxonomy  of  the  lower 
rooks  ID  his  Fennsylvania  Beport:* 

8.  SiLVRO'CAHBBlAN.  Upper  Cambrian  of  Sedgwick.  Fart  of 
Lower  Silarianof  Marchiaon,  and  the  Matioal  of  Rogers,  in  part. 

7.  Cahbrian.  The  Lower  and  Middle  Cambrian  of  Sedgwiok, 
and  the  Lower  and  Tipper  Cambrian  of  Hicka;  being  the  Upper 
Taconic  of  Brnmons,  and  the  Quebec  group  of  Logan:  or  the  Pri- 
mordial Silarian,  and  part  of  the  Lower  Silurian  of  Mnrcbison. 
[Upper  Copper-bearing  rocks  of  Logan.] 

6.  Kewbenian.  The  Copper -bearing  series  of  Lake  Saperlor, 
foaud  in  the  same  geological  interval  as  the  Taconian,  bat  not 
identified  with  it. 

5,  Taconian.  The  Lower  Taconic  of  EmmooB,  or  the  "Hast- 
ings series,"  inclading  a  part  of  the  Primal,  Auroral  and  Mstinal 
divisions  of  Bogersi  and  constitating  with  the  Mootalban,  what  h» 
had  ODoe  called  Terrauovan. 

4.  MoNTALBAS.  The  White  Mountain  or  Mica  schist  series. 
[Terranovan  in  part] 

3.  HcBONiAN.  The  Green  Moaotain  series,  or  altered  Quebec 
group  of  Logan.    [Lower  Copper-beariug  rocks  of  Logan.] 

2.    NoBiAN.    The  Labradorian  or  Upper  Laurentian  of  Logan. 

1.    Laorektian. 

b.  Oreiiville  series.      With  limestones.     Supposed   un- 
conformable with  the  next 
a.  Ottawa  gneiss.     Without  limestones,     (pp.  215-212.) 

Id  1879,  the  Morian  was  said  by  Dr.  Hunt  to  rest  unconj'ortndbly 
apoQ  the  gneisses  and  crystalline  limestones  of  the  Laurentian, 
aud  held  to  be  older  than  the  Huronian.  The  Hnronian  was  also 
said  to  rest  unconformabli/  on  the  Laurentian  on  the  north  shores 
of  lakes  Huron  and  Superior. 

In  1886,'f  Dr.  Hunt's  conception  of  the  succession  of  the  Azoio 
Bocks  was  freshly  set  forth  with  a  result  of  which  a  brief  abstract 
is  as  follows: 

Silubias. 

Obdotician. 

Cahbkian. 

Keweknian.    Upper  division  of  Upper  Copper-bearing  series. 
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Taconian,  Lower  divieion  of  Uppar  Copper-bearing  aeries. 
Qaebec  groap  of  Logan. 

MOHTALBAN. 

HUBOKIAH.     7Pebidian  of  Hioks. 

Abyonian.  (Formerly  part  of  Haronian.)  Petroailex  series, — 
jaspers  and  porphyry.  H^llefttnla,  Sweden.  Aj'vonian  of 
Hioks. 

NoBiAN.     (PormeTly  Upper  Laarentia!!  or  LabradoriaD. ) 

Laubentian.  (Former  Lower  Laarentian.)  ?Lewi8ian  of 
March. 

Qrenville  series.    Typical  Laarentian  (Former  Middle  Laa- 
rentian.)    Dimetiaaot  Hicks. 
Ottawa  gneiss* 

Dr.  Haut  has  always  bseD  resolutely  opposed  to  the  identifica- 
tioa  of  the  Aaimike  Series  with  the  proper  HuroQian.  The  fol- 
lowing passage,  among  many  others  is  explicit: 

"The  fact  that  the  Taconian  or  Animike  series  in  Northern  Mich- 
igan, rests  sometimes  npon  the  Granitoid  or  Gneissio '  groap, 
sometimes  npon  the  Dioritic  group,  of  Bominger,  and  elsewhere 
opon  a  mica  sohist  series  having  the  characters  of  the  Montalban, 
goes  tar  to  show  its  stratigraphical  distinctness  from  all  three  of 
these.  Its  separation  from  the  Dioritic  group  was  early  noticed 
by  Logan,  when  he  describeJ  the  aaconformable  superposition  of 
this  series  (the  lower  division  of  his  Upper  Copper-bearing  series) 
on  the  ancient  greenstone  (Huronian)  series,  and  the  presence  of 
portions  of  this  in  the  basal  conglomerates  of  the  latter.  There 
are,  however,  an  I  have  elsewhere  noticed  ( Azoic  Rocks,  p.  202,) 
certain  mineralogical  resemblances  between  the  Taconian  and  the 
softer  and  more  schistose  beds  of  the  Huronian,  with  which  they 
were  confounded  by  Murray  at  more  than  one  locality  along  the 
north  shore  of  Lake  Superior.  Hence,  after  visiting  the  Marquette 
district  in  1861.  he  did  not  hesitate  to  call  the  iron-bearing  series 
of  that  r^ion  Huronian;  a  designation  adopted  by  the  Oeological 
Survey  of  Canada.  In  this  he  was  followed  by  J.  F.  Kimball  in 
his  study  of  the  Marquette  iron  ores  in  1865,  by  Hermann  Credner 
in  1869,  by  T.  B  Bro..ks  in  1873  and  again  by  Irving  in  1883- 
All  of  these  include  the  two  series  under  the  common  Dameof  Ha- 
ronian, and  the  estimates  of  the  thickness  of  the   Huronian  have 

*TbefoUovltiB  referenoes  may  be  made  to  oplDlona  nf  Dr.  Hunt  on  this  geoloe/  ot 
NewBruoairlak;  Hunt:  Otnloaii  of  Canada,  ISSa,  pp.  315,  236:  Amer.  Jour.  Scl.,lf,isn,l.p 
»(Oonip»reProc.  Amjr.AMoc,  ia7I,  p.M;)  Aznic  roclu,  1978,  18[,  188,  ISli;  Proa.  Anur 
^noe..  1B73.B,  110, 117iIBTa.  2S1-T;  Anttr.  Jour.  Sm..iS&X  III.,  xli, £73-5;  Boston  PnK.,  ten 
rrU,SO»;id..x\x,im;Vtatt.c(i,2i.fii.ChanleaitmdOtologUoi  Enayt.  p.  iilx;  Ifftural. 
PhgiUiloau  and  Plijiaioiirapliv,fp.  407-8.  B13-4. 
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been  based  upon  that  of  the  two  aoited.  The  diBtmotneBB  of  the 
nnderlying  Dioritio  groTip  with  its  eerpentines  and  ohloritia  rocks, 
whioh  together  ooDstitate  ihe  Haronian  ot  pietreverdi — alike  from 
the  older  granitoid  and  goeissio  groap,  from  the  mioa-Bobist  or 
Montalban  groap  and  from  the  great  overlying  Animike  or  Taoon- 
ian system,  inoladingthe  qaartzitee,  marbles,  iron-ores  aod  argil- 
lites,  is  however,  manifest.  The  snooeseion  is  thas  bronght  into 
complete  aocordanoe  with  that  whioh  is  found  in  many  parts  of  the 
Apimlachians,  as  well  as  in  soathern  Europe,  as  is  pointed  oat  in 
partiv  of  Essay  X."* 

Dr.  Hant,  in  other  passages,  recognizes  the  presenoe  of  the  Ani- 
mike  (TacoDian)or  trne  Haronian  in  the  Upper  Peninsata  of 
Michigan.     He  writes: 

"Besting  in  some  cases  apon  this  gronpf  and  in  others  upon  the 
granitoid  rocks  is  a  great  system  divided  in  ascending  order  by 
Bominger,  in  1880,  into  a  Qaartzite  group  (which  inolades  a  mar- 
ble series,)  an  Iron-ore  group,  and  an  Arenaceons-slate  group,  all 
of  whitth  appear  ulosely  connected.  The  system  comprises  heavy 
beds  of  qaartzite,  often  schistose  and  with  conglomerates,  inter- 
etratified  and  overlaid  by  argillites  of  various  colors,  with  graph- 
itic, hydro-micaceous  or  sericitic  slates,  beds  of  jasper,  of  hsematit^ 
and  magaetite,  either  pare  or  disseminated,  and,  in  the  upper  por- 
tion, limonite  and  aiderite.  The  lim^tones  form  in  the  upper  part 
of  the  qaartzite  division,  great  masses  of  white  crystalline  marble, 
sometimes  with  mica  and  tremolite  and  sahlite;  at  other  times  they 
are  reddish  or  dull  and  compact.  The  iron  ores  appear  to  be  in 
two  horizons,  one  below  and  one  above  a  great  body  of  limestone. 
To  the  latter  are  referred  the  ores  of  the  Gogebic  and  Menominee 
distriolB,  and  to  the  former,  those  of  Marquette  andFeloh  moan  tain, 
with  which  those  of  Vermilion  lake  in  Minnesota,  appear  to  be 
identical.  The  argillites  whioh  overlie  the  latter  are  those  seen  in 
the  St.  Louis  river  and  at  Thompson,  Minnesota,  which  are  by 
Bominger  compared  with  argillites  at  L'Anse  and  Huron  bay."^ 

Geoboe  F.  Matthew  and  Absooiates  in  New  Brunswick. 

Several  different  Canadian  geologists  have  participated  in  the 

investigation  of  the  geology  of  the  maritime  provinces  of  Britisb 

North  America.    The  pioneer  among  them  was  the  present  Sir 

William  Dawson,  whose  special  studies  for  the  greater  part,  have 

*Anneral  Ptij/tMon.  S6l-i. 

tThe  Dlarltlo  group  ot  Bominger. 

Ufttural  Phwilotom,  pp.  67&-Sa.  The  writer  has  elsewhere  rooorded  biB  Independeul 
raoosDttton  ot  the  exUtenoe  of  two  dlacoidtiDt  systeniB  In  the  U&rquette  Inm  regloo— 
Sixtttna  Attnu.  Bep.  Warn.,  pp.  ITS-O,  U6. 
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"been  palseoatologic^*  Among  those  vho  have  ooatriboted  im- 
pcvtant  origiaal  obBervstioaa  and  have  stadied  especially  the  oldest 
rooks,  are  George  F.  Matthew,  L.  W.  Bailey  and  B.  W.  GIU.  This 
portion  of  the  contiaent  presents  great  geological  diffionltiea,  and 
the  interpretations  of  the  phenomena  have  been  very  diverse.  The 
differences,  however,  have  been  rnther  of  local  than  of  geognostic 
ngnifioanoe ;  and  it  is  therefore  not  intended  to  trace  the  histori- 
cal development  of  opinion  into  detail.  Following  Sir  William 
Dawson,  Mr.  G«orge  F.  Matthew,  in  1863,  presented  the  resalts  of 
a  well  elaborated  series  of  observationB  on  the  geology  of  St.  John 
county,  Kew  Bmnswiokf  and  proposed  an  arrangement  of  the 
rocks  which  will  be  reprodooed  synoptioally  in  the  following 
table.^ 

The  table  which  follows  is  compiled  from  papers  cited  in  this 
connection. 

CuABLES  H.  Hitchcock. 

Profeaaor  C.  H.  Hitchcock's  survey  in  the  state  of  Maine  did 
not  lead  him  into  researches  possessing  any  important  bearing  on 
the  development  of  American  opinion  respecting  the  nature  and 
origin  of  the  older  rocks.  The  official  character  of  his  connection 
with  the  Vermont  sorvey,  the  first  volume  of  the  final  report  of 
which  was  pablished  in  1661,  though  prepared  in  1859,  was  as 
chemist  of  the  survey.  Bat,  provision  for  the  chemical  work  be- 
ing inadequate,  professor  Hitchcock  devoted  much  attention  to 
geological  inveetigations.  Among  these  was  the  preparation  of  a 
ehapter  on  "Azoic  Bocks"  and  oontribations  cm  "Steatite  and  Ser- 
pentine" and  "Sacoharoid  Azoic  Limestone."§ 

'AMuUatt  Otoloaii'  3^  QeOloiflaal  StAdure,  Orvante  Renulnt  ant  Mbieral  Reaouna  of 
nova  SeaOa,  ma  BrunaioltA  and  Priaee  BdiBard'i  Jriond.  Flnt  edition,  I85S,  3d.  1868  (with 
intonn&tlan  posted  to  date),  Sd.  1878.  For  other  reooided  opinions  of  Sir  Wllllani  Dmr- 
Km,  see  Can.  Not.  and  OtOL,  IBSl.  I,  tI,  1«  ;  Qaar.  Joar.  QtOL  Soe.,  1M2.  xrlll.  301.  Sir  W. 
B.  Logan  m&ds  a  recODnolssSinae  of  the  BonaTentare  formKtIoa  In  1M3;  and  Dr.  Abra- 
ham Oa«nec  nuide  a,  report  to  tha  New  Bninswlck  government  at  nearly  the  same 
dat«. 

iOoiwdltm  SalnraUtl  and  OaHoglt,  tIII,  »l-au.  Aug.  ISSS.  For  lat«r  tIbwb  see  Qaar. 
Jaar.  Otol,  Soa„  1805.  u1,  ISS-tM. 

tTbelatorstudleaof  Ueaars.  Uatthew,  Bailer,  Hartt,  Ella  and  others  mar  be  oonBuIt- 
•d  as  follows  :  Bailer  :  Canadian  SaturaUgl,  1S6t,  81-OT  (a  rapid  reconnolsBanoe);  Bai- 
ley, Matthew  and  Hartt ;  Obwmitlon*  on  Uit  Oadiom  of  SouUwm  Sta  Branvefek,  ISU : 
H.T.Htndi  PreUai.Rs|Nirt(ineA«<3«oI.o/jreu' Bntn(KFliilc.ieK;  Bailer  and  Hatthav 
Proo.  AitHr.  AmoO.,  18U,  xvlll,  ITWfltt  (revised  to  April,  1870 j ;  Bailer  and  Matthew. 
OwjL  of  Can.  Report  of  Progrwt,  ISTD-Tl,  13-2W  (proposing  numeroiu  changes  on  reoom. 
MendatlonotDr.  Hunt);  Hatthew:  Report,  m4-S,  pp. Sl-S ;  Beparttor  IBTS-T,  3ZB-3G0 
Hugh  Fletcher  :  Sow  Report,  «B.42S  1  B.  W.  Ells:  Rep-Proir.  for  1B77-B,  D.,  pp.  l-U; 
L.  W.  Bailer:  Rap.  1877-8,  DD..  pp.  1-U ;  O.  F.  Mafthew:  Sonu  Bcp.,  E  ,  pp.  1-4 
Batler,  Hatthew  and  Ells:  Sep.,  18?B-a.  O.,  pp.  l-Uj  R.  W.  Ells;  Rep..  1S7M0,  D.,  pp 
IMS  1  Rep,  Uao-82,D.,  pp.  17-10:  Bailey:  Proe.  Amer.  .,Uwc,  1680,  41^  41T:  Can.  Rep,, 
»3-<,E.,PD.31-34  ;  A.  P.  Low:  Rf^.,  U82-I,  F..  pp.  I«-2a ;  B.  W.  Ells:  Rep.,  IBSS,  B 
pp.  SMB.    Dr.  T,  S.  Bunt's  rooorded  opinions  have  been  alreadr  referred  to,  AnU.  p.  Ill 

tOaolom  of  Femont,  I,  pp.  UZ-tT4  and  SS^^K. 
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In  oonsooaDce  with  views  generally  prevailing  at  the  time,  he 
expresaeB  the  opinion  respecting  the  azoio  rocks,  that  "stratifica- 
tion and  lamination  appear  to  have  been  produced  by  original  de- 
position in  water."  Speaking  of  the  difficulty  of  dietingnishing, 
in  some  cases,  between  the  lines  of  sedimentary  stniotare  and 
cleavage  and  foliation,  he  says:  "We  hare  not  attempted  it  [dis- 
tinction of  cleavagej  to  mnch  extent  in  the  slates  of  Vermont;  still 
less  have  we  tried  to  draw  a  line  of  d^tinotion  between  the  folia- 
tion of  the  schists  and  stratification;  for  this  isa  still  moredifficnlt 
work.  Hence  the  strikes  and  dips  which  we  shall  give  are  those  lA 
foliation  and  cleavage.  Bat  we  believe  that  these  nanally  cor- 
respond essentially  with  the  stratification.  In  the  foBsiliferoaa 
clay-slates  of  the  western  part  of  the  State,  as  well  as  in  the  lime- 
atones,  we  not  nnfreqnently  have  foand  the  cleavage  planes  mak- 
ing quite  an  angle  with  those  of  the  original  deposition;  bnt  in  all 
those  belts  of  slate  interstratified  with  the  more  thoroughly  met- 
amorphosed schists,  the  two  seem  neaally  coincident."  (p.  452.) 

Ko  attempt  is  made  to  give  the  azoio  rocks  either  a  systemic,  a 
geognostic  or  a  chronological  arrangement.  Fifteen  epeciee  are 
enumerated  and  lithologically  described.  Five  and  a  half  qnarto 
pages  are  devoted  to  a  oatilogne  of  isolated  instances  of  strike  and 
dip,  thongh  very  little  attempt  is  made  to  correlate  them  in  a  gen- 
eral system  of  structore.  It  is  stated  however,  that  three  disting- 
nishable  ranges  of  gneiss  traverse  the  state:  the  Green  monotain 
range,  the  middle  range  and  the  Connectiont  river  range.  The 
first  of  these  is  thought  a  oontinaatinn  of  the  Hooaao  mountain 
range — the  gneiss  of  the  Oreen  moontains  resulting  from  the  ao- 
oession  of  feldspar  to  the  mica  scBist  of  Masgachnsetis,  though 
often,  in  Vermont,  passing  again  into  mica  schist.  Of  some  of  the 
gneiss  of  the  range  along  the  Winooski,  he  says  "it  resembles 
sandstone — the  crystals  of  feldspar  being  rounded  like  large  grains 
of  sand.  (p.  465.)  The  middle  range  is  lees  extensive  and  more 
distinctly  gneissic.  Eastward  it  graduates  into  mica  schist.  The 
gneissic  range  near  the  Ck>nnecticut  river  consiets  only  of  three 
patches." 

The  unessential  character  of  the  recognized  distinction  between 
gneiss  and  mica  schist,  as  indicated  iu  the  transitions  along  the 
strike,  mentioned  above,  is  emphasized  by  further  statements. 
"Those  layers  of  the  rocks"  he  says,  "on  both  sides  of  the  moun- 
tein,  which  all  would  regard  as  gneiss,  are  generally  interstratified 
with  other  layers  of  mica  or  talcose  schist  and  quartz;  and  the 
judgment  of  good  observers  would  differ  about  the  liue  where  the 
gneiss  predominates  over  the  schists."    "Also,  as  we  pass  norther- 


ly CoO»^  I C 


STATE  GEOLOOIBT  169 

\y  along  the  line  of  strike  [of  the  Green  monntain  range]  aloDg 
Uie  eastern  margin,  the  gneiss  is  rapidly  sncoeeded  by  mics  and 
tslcose  Bobists..**  We  incline  to  the  opioioD,  however,  that  a  nar- 
row belt  of  Green  monntain  gneiss  does  extend  across  the  whole 
State  of  Vermont.**  We  have  expressed  the  opinion  in  another 
place,  that  gaeisa,  mica  and  taloose  schist,  and  even  some  beds  of 
qnartz,  may  be  only  metamorphio  varieties  of  the  same  original 
formation."     (p.  470.) 

Of  hornblende  rook  he  says:  "It  is  found  associated  with  gneiss 
and  elay-slate  in  positions  much  like  dikes,  as  well  as  in  regular 
beds."  Referring  to  the  opinion  expressed  by  MacCalloch,  that 
hornblende  rook  and  hornblende  schist  may  result  from  the  met- 
unorphiem  of  clay- slate,  professor  Hitchcock  states  that  Bischof 
has  shown  it  possible  that  "even  in  lava,  the  hornblende  [some- 
timee  present]  was  not  formed  at  the  time  of  the  protrosion  of  the 
lava,  bat  sobseqaently  in  the  wet  way ;  and  the  associations  of 
hornblende  schist  forbid  the  idea  that  it  was  a  volcanic  prodnot." 

In  reference  to  steatite  and  serpentine,  professor  Hitchcock 
states  that  "there  are  at  least  sixty  beds  of  steatite  in  Vermont, 
and  twenty-five  beds  of  serpentine.  The  aggregate  of  serpentine 
is  more  than  doable  that  of  steatite.  Kegarding  the  steatite  and 
serpentine  rooks  as  of  one  age  in  each  range,  he  conclades  that 
there  are  fonr  ranges,  and  that  these  are  of  different  ages. 

As  to  origin,  he  regards  serpentine  as  originally  stratitied,  refer- 
ring to  its  conformability  with  the  foliation  of  the  rocks  which 
embrace  it.  There  is  no  protruded  serpentine  in  Vermont.  Stea- 
tite, probably,  had  a  similar  origin.  He  believes  in  the  change  of 
"some  beds  of  hornblende  schist  and  diorite  or  greenstone,  into 
serpentine."  (p.  554.) 

In  general  connection  with  the  subject  of  metamorphiem,  profee- 
aor  Hitchcock  makes  the  following  just  remarks: 

"The  distinction  between  stratified  and  nnstratified  rocks  has 
been  osoally  regarded  as  one  of  the  most  trenchant  and  reliable 
in  the  science  of  geology.  A.nd  so  long  as  it  was  considered  a  cer- 
tain fact  that  the  stratified  rocks  were  exclusively  deposited  by 
water,  and  the  unatratified  all  resulted  by  dry  heat,  it  le  not  strange 
that  geologists  should  have  looked  upon  the  line  between  the  two 
classes  as  very  distinct  and  recognizable.  Bat  now  that  it  is  so 
generally  admitted  that  hot  water  has  been  the  mostefiQcient  agent 
in  metamorphosing  the  stratified  rooks,  and  converting  some  of 
them  into  the  nnstratified,  we  can  see  how  the  distinction  between 
them  should  often  t>e  very  obscure  and  nnoertain.  Such  is  cer- 
tunly  the  case  with  serpentine  and  dolomite,  both  of  which  are 
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Bometimee  stratified  and  sometimes  niiatratified.  We  are  appre> 
henaiTe  that  some  other  system  of  classification  most  tw  adopted,  to 
incladesaob  rook  and  also  saoh  varieties  of  gneiss,  and  even  Boma  of 
the  schists."  (pp.  654-5.) 

The  resalts  of  the  studies  of  professor  Hitohoock  and  his  collab- 
orators in  the  geology  of  New  Hampshire  are  embraced  in  three 
massive  royal  octavo  volnmes.*  They  embody  a  vast  amoont  of 
faithfully  elaborated  information  in  a  region  of  extreme  difficulty, 
which  had  hitherto  received  vastly  less  geolt^cal  than  mineralog- 
ioal  stady.  The  state  presented  extraordinary  diffioolties,  arising, 
first,  from  the  absence  of  organic  remains,  those  time-marks  by 
which  the  geologist  is  able  to  recognize  his  position  in  Uie  progress 
of  »ons  past,  and  aecondly,  from  the  destrnotion  of  the  traces  of 
superposition  by  those  orogenio  distarbanoea  which  almost  wholly 
obliterated  the  records  originally  made;  and ^na2^^,  by  the  meta- 
morphism  which  had  not  only  transformed  the  aspects  and  oon- 
stitntion  of  rock-masses,  bntbadeffectedalterationBofanah  varying 
natare  anddegree  as  to  defy  identification  by  the  nsnal  reaemblanoes. 
In  this  trackless  geological  wilderness  the  geologist  entered, 
meagrely  equipped  for  his  great  work,  and  reported  to  the  state 
and  to  the  world  the  progress  made  from  year  to  year,  ontil  lapse 
of  time  and  exhaostion  of  means  rendered  it  imperative  to  pronoance 
final  verdicts.  As  a  matter  of  obvions  necessity,  the  geological 
conception  auderwent  revision  and  angmentation  with  every  sea- 
son's addition  of  knowledge.  Bat  it  was  a  peculiar  merit  of 
professor  Hitchcock's  advaacing  work  that  he  was  ever  ready  to 
announce  the  shape  which  his  conception  of  the  State's  geological 
structure  and  history  had  attained  after  the  latest  acqnisitdona  of 
observed  fact.  A  less  unsnapiolous  mind — ^perhaps  it  might  be 
said,  a  more  judieions  method,  would  have  enforced  more  reserve. 
The  difference  woold  be  that  a  more  prudent  investigator  would 
bave  reached  thoaghte  not  more  mature  and  final,  but  woold  have 
held  his  "beet  thoaghts"  in  reserve;  while  Hitchcock  freely  shared 
them  with  the  public.  It  has  been  foand  possible  to  oast  cenaore 
on  professor  Hitchcock  that  hhi  annaal  announcementB  of  staiaa 
reached  were  so  confiicting  and  cbangefn);  but  a  just  and  generous 
view  mast  regard  them  simply  as  marks  of  the  progress  of  ideas, 
and  euoourt^ments  to  all  who  may  be  grappling  with  equal  diffi- 
oalties. 

*aeoloni  of  t/ca  BampMn.  By  O.H.  Hitohcook,  J.  U.  HuDtlugtOD,  Warren  Cphun 
■nd  G.W.  Hawes,  Volume  l.contalalas  Fart  I,  (1874)  "Fbyslc*!  Qeofcraphj,"  MBpp; 
Volume  II,  (18T7,)00DtalDlnB  Part  II,  "Stmtlgnphlcal  Qeology."  MGppi  Volums  Ul, 
(1918),  containing  Part  III,  "SartMe  0«olag7,"  Part  IT,  "UtneraloCJ  ftnd  Lithologr," 
Part  V.  "Koonomlc  Gteology'" 
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It  ocooTB  to  the  writer  that  it  may  be  brat  to  present  first,  the 
series  of  provisional  coDolosiouB  annonoced  by  profesBor  Hitch- 
cock in  the  profess  of  his  work.  These  are  taken  substantially  as 
oompiled  by  Whitney  and  Wadsworth — the  order  of  arraDgement 
being  inverted,  in  conformity  with  the  method  of  this  memoir.* 


upper  BohlBts. 
Quebea  Group. 

Auriferous  OonglomeMte. 

Olmy  Slate. 

Oopper  Belt. 

Lover  (mostlj  Kreen)  Schist*. 

Btaurollte  Schists. 
WlilteHountBilnaerleH(Snelmli:,GraDltlcl 

M  annual  Report,  1870.  . 
Olar  SItttAS, 

OalolCerouB  HicaSchlat. 
OoOh  Gionp. 
Lower  SUurUui. 

Quebec  Group. 

UeTTlmKO  Qroap. 
OommoD  Oranlte. 
PorphyrlUo  Granite. 
Laurentlan  (?)  Exeter  Syenites. 
Eoxolo  <Wlilt«  Mountain  or  Guelsslc  Se- 
ries). 


Limestones, 
Quartiytfl. 
Pori)liyrltlc  Qranlte. 

Byenlte. 

Oblaatollte  Slates. 
Ajidalusite  Gneiss. 
Feldspathic  Mica  Schist. 
Granitic  Gneiss. 
Ferrustnous  Gneiss- 
Normal  Gneiss.  * 
3d  Animal  Report  tSft. 

Oo9b  Group. 

Olay  Slate  and  Quar(iyt«s. 

Laurentlan  (T). 

Brecclated  Granite. 

Tracbytlc  Granite. 

Common  Granite. 

Andaluslte    Gneiss    (White    UounlBln 

Gneiss}, 


ith  Anmud  Beporl,  isn. 
Dtrlslon  3. 
Andalualte  Slates  of  the  OoO*  Group. 


Mioa  Schist. 
Quartiyt«. 

White  Mountain  Series. 
Andaluslte  anotss,  Ordinary  and  Im- 
perfect Oneisfl.  the  Concord  and  Fltc- 
wUUaoi  Granite.  Soapstone  and  Lime- 
Gran  Ite  Gneiss. 
Laurentlan. 
Granite  and  Porphyrltlc  Gneiss. 
Divisions. 
Norlan  (Pemlgeirasset  Basin). 
Green  Qranlte  and  Syenite. 
Four  Series  of  Compact  Feldspar. 
Spotted  Granite. 
Oommon  Granite. 
Laurentlan. 
Franoonia  Brecola. 

White  Mountain  or  Andaluslte  Gnelas. 
Bethlehem  and  Berlin  Gneiss. 
Porpbyrltlo  Guelas  and  Granite. 
Division  1. 
Uelderberg. 
Cambrian. 
OoOs  Group. 
Decomposing  Slates.  Dikes. 
Oalclterons  Mica  Schist.  » 

Mica  and  Argillaceous  Sohlsta. 
Quartzytea,  Staurolite  Schists. 
Auriferous  Clay  Slates. 
Huronlan. 
Conglomerates  and  Qu  artsy tes. 
Hydromlca  and  Tolcose  Schist. 
Phoc.  Aheb.  Assoc.  Adt.  or  Soi.,  WH. 

xx\,  131,  las,  uo. 
II.  Palnosoic. 
Clay  Slates. 

Helderber^  Llmdstones, 
I.  Botolc. 

S.  Older  Cambrian. 

Herrlmoc  Group  and   probably 
Calciferous  Mica  Soblst  of  the 
Vermont  survey. 
OoOs  Group. 
4.  Hnroniau. 

The  Taleose  Schist  Series. 
•  3.  Exeter  Bjenttes. 
3.  Norlan. 

/.  Bed  compact  and  Orystalllno 

Orthoclase  Felslte. 
t.  Dark    compaot    Ortboclase 
Felslte. 


t.  Contp.  Zool,,  Vol.  V 
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d.  Compact  r^bradorlteFelslte. 

e.  Oaslpyte. 

b.  Trochrtlo  Granite. 

a.  Common  Gtanlte. 
1.  Lanrentlan. 

/,  Bange  of  Onelas  between 
Whitefleld  and  Milan,  Con- 
siderably Homblendlc 

t.  GneiBB  on  both  flanha  of  tbe 
Poiphyrt""  variety  In  the 
aoath  part  of  tJie  State,  car- 
rying the  Concord  and  Flti- 
wUlUm  Granite,  and  iB 
probably  the  Beryl-beurlng 
aeries. 

(J.  GnelBsof  Lake  Wlnnlplsoo- 

gee  Bnsln, 
c.  Bethlehem  or  Taloose  G  nelss. 

h.  White  Mountain  Series  or 
Andaluatte  Gneiss. 

n.  Porphyrlllc  GnelsH. 

Pnoc.  Boston  Soo.  Nii.  Dibt.,  587J. 
XV.  aM-30». 

V.  Paleoiotc. 

B.  Clay  Slates. 

A.  Holderberg  Llmustoiie. 
IV.  Mostly  Cambrian  (?). 

F.  Mount  Mote  CoiiKlomeraWs. 
£.  Green  Granite. 
D.  (;iay  BluWs. 

C.  CoCs  Group. 

B.  Merrtmao  Group. 

A.  Mloa    SclilHts    <)t     liotkliiKlittm 
County. 
IIL  Huroiilan. 

Feldspar  and  Tali-. 

Whitish  SuhlstH. 

Green  Schists. 

Talcose  and  Aurlf.^mus  t.'oiiKlo...r 


nild. 


;sof  E 


(oddish  compufl  Orlhoclasp. 
P,  Ked  compact  Orthoolase. 
K.  Dark  compact  Ortboclase. 
D.  llark  compact  LabrjidorlU'. 
C.  OsBlpylf. 

B.  Spotted  Oranll*. 

A.  Common  GranlM-  of  the  Whll 
Mountains. 
I.  Laurentlan  (Vi. 

C.  White  Monnlalri  or    AndalUKll 


IT"inntp(i"m(ji'<  IjKltr. 


I^bradorlan. 
Folsltes  or  Compact  Feldapan. 
EroptiTo    Granites    of    the    Osalpee 
Mountains. 


Porpbyrltlc  Gneiss  or  Granite. 
GBOLoar  OK  Nbw  Hamfbbuim,  1814 
I.K)e-53B. 
Helderberg  Period. 
Mica  Schist  Period. 
tM)B  Group. 
Cambrian  AurlferouB  Clay  Slatea. 

Kocklndham  Mica  Schist. 
EomlC. 
Huronlan. 

Congtomerate. 

Serpentine  with  SlUclous  Soblst.  ai 
Dolomite  and  Boapatone. 

(kipper  and  Iron  Beds. 
Labrador. 

Eruptive  Syenite. 

Fine  Sedimentary  DepoBll«- 


Franconla  Breccia  G 
Uontalbau. 
Lake  GupIsh. 
itethlchem. 
Laurentlan. 
Porpbyrltlc  Gneiss. 

WalLIKO's  Atlab  of  ; 

1877, 
I'allBOIolc, 

Slates,  Conglomerates,  etc. 

Helderbent  LlmeBtonee. 
Canibrlafi. 

Mt.  Moto  Confflomerate. 

Clay  Slatc-a. 

CoOs  Group. 

Calclferoua  Mica  Bchistn. 

RocklnKham  Sohlst*. 
Huronlan. 

Auriferous  Conglomerate. 

Lisbon  Group. 
Labrador  or  PeralgewassBI. 
Eioter  By  en  lies, 
(impact  Feldspar. 
OsRlpyl*. 

Albany  Granite. 

Atlantic. 
Franconia  Breccia. 

Montalban  or  White  Mountain  B»H«o. 
Lake  WlnnlplHOOgee  Gneiss. 
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Betklebem  Onela*.  Montalbmn, 
lanrencl&ii.  FranconlB  Brecclh. 

Porpbrrltlc  Qnetn.  Flbrollto  Schists. 

Ferruginous  Scblsts. 
Conoord  Qranlte. 

QnelsB  &nd  FeldspSitblc  Hloa  ScbintA. 

J.  StnKtfed  OroujM.  Lanrentlan. 
Pklnoiotc.  Lake  Wlnalplwocee  QnelBa. 

Lower  Selderberg.  Bethlehem  Flne-gralnea  anelss. 

OUdlerous  Mica  Sahlet.  Betblebem  Ordinary  Qnelaa. 

OoOb  Group.  Porphyrltlo  Gneiss. 

Btaurollte  SlaM. 

Utea  Soblat.  "■  »™lX*»«  Mama. 

QuarUyte.  Augltlo. 
Oambrtan  SlBt«s.  DUbue. 

PslMoiolo<?).  Diorite. 

.   Eearaarge  Audaluslte  Group  Feldspatblc. 
Rocktngbain  Hioa  Schlat.  Tracbyte. 

Herrlinaa  Qroap.  Pequawket  Breccia. 

Ferruglaous  Slat«s.  Porphyry. 

~  LabmdorlM  DIorlte. 


Upper  HuioalaD. 

Auriferous  OonglomeraM.  Exeter  Syenlle  and  DIorlte. 

Lyman  Group.  Syenite  ot  Ht.  Gunstook,  Ae. 

Lisbon  Group.  Granite  not  otbenrlne  Assigned. 

Bwltt  Wat«r  Series.  Granite  cutting  Oofls  Group. 

Hornblende  Soblst.  Ohoonrus.  Series. 

Lower  Haroalan.  Albany  Granite. 

Labrador.  ConwSy  Granite. 

Id  a  region  where  paleeontologicnl  aids  to  inTestigation  are  want- 
ing, the  geologist  mast  rely  on  indioations  of  saperposition,  physical 
oonformities,  oharaoteristic  minerals  and  petrographic  resemblan- 
ces. The  appUoatioD  of  the  petrographio  criterion  is  involved  in 
distracting  difiBoalties  by  the  progressive  and  aneqnally-paoed 
changes  which  ciyatalline  aggregations  have  nndergone  in  the 
presence  of  the  dynamic  agents  of  geology.  Hence  the  greater 
nscessity  for  seeking  always  the  evidences  from  saperposition. 
Professor  Hitohoock,  with  a  tme  evaloation  of  the  only  expedients 
available,  enunciated  in  1873,  the  fandamental  principles  by  which 
he  was  gaided: 

"Logan,  in  1855,"  be  says,  "described  a  system  of  rocks  overly- 
ing onoonformably  the  Laorentian  gneisses  aboat  Lake  Enron, 
which  were  distingnisked  by  means  of  lithological  characters.  All 
geologists,  therefore,  who  use  the  name  Haronian,  of  necessity 
practically  adopt  this  principle,  thongh  perhaps  insensibly.  We 
do  not  claim  that  a  talcose  rook  can  never  be  foand  in  any  other 
system  than  the  Haronian,  nor  that  gneiee  may  never  be  stratified 
with  the  hydromicas.  Professor  Dana's  recent  paper  shows  that 
gneiBsee,  qaartzites  and  limestones  are  interstratified  in  the  Silur- 
ian of  western  New  England.*  In  no  instance  would  ve  claim 
that  mineral  character  is  snfGoient  to  distingnish  systems  without 
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s  Btady  of  the  relaHons  of  the  strata.  We  may  Bomatimes  gener- 
alize, and  believe  that  rocks  of  similar  mineral  oharaoters  most  be 
of  the  aame  age,  bat  anoh  apeoalatioua  most  alwaya  provide  for 
confirmation  by  a  study  of  the  strata."* 

An  application  of  the  mineralogical  criterion  is  aeen  in  what,  in 
the  report  for  1S70,  is  called  "porphyritio  gneiss." 

"There  are  over  Thirty  areas  of  porphyritic  gneiss  in  which  the 
feldspar  crystals  are  very  coDspicaoas  for  their  size,  the  rook  be- 
ing the  Augen-gneiss  of  Europe.  I  aseame  that  all  the  areas  of 
this  rock  are  identical  in  age,  and  in  speonlating  npon  the  relative 
positions  of  the  intervening  groapa,  rely  npon  the  oorrectness  of 
this  Btsrting-point.**  The  fact  of  minor  differences  wonld  seem 
to  confirm  onr  asaamption  of  their  identity  in  age,  jnst  as  the 
palfflontologist  finds,  from  the  presence  of  the  same  fossils,  proof 
of  contemporaneity  in  the  rooks  with  dissimilar  mineral  character. 
From  these  facts  it  is  inferred  that  the  porphyritio  gneiss  is  older 
than  the  Lake  or  the  Montalban  gneisses,  the  last  being  the  new- 
est.** It  may  as  well  be  said  now  as  at  any  time,  that  nothii^ 
older  than  the  porphyritic  gneiss  has  yet  been  discovered.  This 
formation  constitnted  the  first  dry  land  in  tho  State."t 

Professor  Hitchcock's  changes  of  opinion  are  illostrated  in  his 
record  ia  reference  to  the  Norian.  This  division,  following  Hon^ 
was  first  introduced  into  the  report  for  1871.  Of  its  relative  posi- 
tion he  says: 

"All  will  agree  thai  the  mineral  labradorite  belongs  to  the  origi- 
nal Laarentian  system;  and  therefore,  by  its  discovery  in  New 
Hampshire,  will  be  satisfied  that  some  of  our  crystalline  rocks  be- 
long to  the  older  series  of  theEozoic,andnot  the  Falseozoic.  Hence 
the  prevaleotopinion  respecting  theageof  the  New  England  metam- 
orphic  rocks  must  be  changed  to  conform  with  the  discovery  of 
labradorite  in  onr  state.*  *  Our  oonclasions  as  to  the  absolute  and 
relative  ages  of  the  New  Hampshire  formations  depend  upon  the 
reference  of  some  of  them  to  the  Norian  system  of  Hoot.''^ 

Profeoeor  Hitchcock,  therefore,  in  establishing  the  high  geolog- 

■Pn>.  Amtr.  Amnc.,  IBT3.  8ec.  B.  p.  14T. 

+FlnaI  Beport  toI.  H.  pp.  a».  060.  AIB,  BU. 

tlleport,  I87t.  pp.  t-V).  The  alluHlon  mkde  Id  the  above  paragraph  may  be  Illustrated 
by  the  follow  lug  cltatlana:  "To  the  Cbemung  and  Portage  group  of  New  York**  may 
perhaps  be  relerred.  la  part,  the  rocka  of  the  White  HountaloH  (Bnnt,  Arner.  Jour.  Set_ 
ISSO,  II.  Ix.  p.  IS;  Proc.  »ner.  ^lac,  1S4S,  II,  pp.333.33i.)  "It  Is  moreover  probable  that 
the  rooks  ol  New  Hampahire,  Including  the  White  Mountains,  are  alt«red  strata  of 
Devonian  age."  (Hunt,  Oeoi.  a/ Caniuta,  1863,  p.  GSB.)  The  same  opinion  was  relteratod 
IniaeTiEagulueofolofflqueduCanoda,  p.K;  BuU.Sne.  gioloatque  aeFrana,lBe7,  II,  ix\t. 
p.  887.)  In  1880.  professor  J.  F.  LeBleyexpreMed  the  opinion  that  the  range  of  the  White 
HouQtalns  would  prove  to  be  synclinal  instead  of  anticlinal,  and  therefore  of  probable 
Devonian  age.    iProc.  AcaA.  Sat.  Bel.  PhO.,  IM).  xll,  pp.  SQS-aM.J    LAgan.  also,  aooord- 
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ical  aotiqnity  of  tha  White  moantains,  had  a  loDg>strengthQiiiDg 
fientimeDt  to  combat.  It  iraa  reoogaized  however  as  Norian  by 
Hont.  in  1873.« 

In  1872,  Hitohoook  more  formally  defended  the  sappaaed  sedi- 
mentary obaraoter  of  these  rooks: 

"It  is  a  perplexing  matter  todetermiae  the  lines  of  stratiBoatioa,  . 
-as the  oatorops  are  dlTided  by  twopromiaentsetsoEjointed  plaaes, 
either  of  which  might  be  called  layers  of  deposition,  the  rook  being 
•essentially  faom<^eneoo8.    One  set  dip  20°  nortberly,  and  are  the 
most  nameroos.    The  other  dip  abont  75"  W  lO°S."t 

In  the  Beport  for  1872,  published  later  than  this,  he  adda: 

"Ab  the  latter  [joiotsj  oorreupoDd  better  in  position  with  the 
supposed  strata  of  nodnlar  gneiss,  it  was  thonght  they  indicated 
the  proper  lines  of  deposition.''^ 

These  beliefs  were  iterated  in  1872.  BDferring  to  the  same 
-locality  and  the  same  terrane,  he  B&ys: 

"I'he  rook  seems  to  be  stratified,  its  planes  dipping  about  SO** 
northerly  *  *  The  importance  of  this  diacoTery  may  be  best 
-appreciated  by  remembering  that  tfae^reeeooe  of  the  lime  feldspars 
affords  a  strong  presamption  that  the  rooks  are  Eozjio,  and  not 
metamorpbio  Palseozoio  formations.  It  seems  to  be  generally  ad- 
mitted by  g6ol<^iBt8  that  the  feldspars  are  oonfiaed  to  the  older 
Tooke,  except  as  fonnd  in  eraptive  trappean  and  Toloaoio  masBeB."§ 

In  the  second  volume  of  the  Final  Beport,  he  adheres  to  the 
same  opinions: 

"I  was  at  first  satisfied  that  this  rook  was  gneiss,  bat  did  not 
recognize  its  tme  place  in  the  porphyritio  gronp.  Sabaeqaently 
I  referred  ii  to  the  "troohytio"  or  Albany  granite,  bat  a  re-exami- 
nation in  1875,  shows  that  it  belong}  to  the  oldest  of  our  forma> 
tions,  and  is  distinctly'  stratified,  traversed  by  trap  dykes,  and 
narrow  banded  veins  of  qaartz  *  *  The  labrudorite  rocks  with 
-a  very  moderate  dip,  rest  nnconformably  npon  the  greatly  npturn- 
-ed  edges  of  the  Montalban  schiats,  as  if  there  had  been  large  ap- 
heavals  at  the  close  of  the  Montalban  period,  and  comparatively 
little  distnrbance  since.  *  *  The  facta  aa  interpreted,  are  of  great 
consequence,  since  they  fix  the  geological  horizon  of  the  whole 

Ing  to  Hunt,  regarded  them  as  probbblr  "altered  DBVoniaa  strata"  lAmit  Rnelu  pp. 
8187,182.)  (See  also  Jner.  Jour.  Set-.  IE.  Ix.  10.  18111;  II,  xxxl.  4DJ.  1811.)  In  1870,  Hant 
proaouDoed  theWIiltamiiunta,lasTerraaoTaa.  Anur.  Jour.  Sol.,  II.  \.  SS-W,  aiD.  Tbe 
-Tftrloos  older  oplalong  are  reviewed  at  length  bj  HtKbooiMi  Id  FIdbI  Report,  11,  ISi. 
U8,Se4-7. 

*Proe.  BaUm  Sob.  SM.  HM.  it,  p,  310, 1813. 

fThe  Norlan  Bocka  of  New  Uump^bire,"  Anur.  Jour.  Sd.  Ill,  111,  43-47.  U73. 

tAnn.  Befi.  1S72.,  pp.  IS.  16. 

IProe.dmtr.  A—ot.,  1B72.,  ixl,  pp.  136-151. 
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AUaDtia  ByBtem,  vhile  conaideratioiiB  of  b  stratignphioal  eharaotar^ 
oonfirm  thie  impreesioiL  *  *  The  diaoovery  of  the  Labrador  8;b- 
tern,  overlyinft  the  moBt  abundant  and  charaoteriatio  White  Moon- 
Udu  strata,  makea  it  dear  that  the  latter  are  older  than  the  former^ 
which  are  oonfeasedly  Eozoio."* 

In  spite  of  this  oft  repeated  ooDTiotion  of  the  sedimentary  nature 
of  these  labradorite  rooka,  and  of  their  oooarrenoe  in  seven  differ- 
ent areas  among  the  White  moontains,  we  find  proteesor  Hitoh- 
oook  CD  a  later  page  of  the  same  volnme,  employii^  the  following 
language: 

"The  Labrador  system,  if  present  in  New  Hampshire,  ia  in  very 
limited  amoimt  Beoent  inveetiRatioDa  make  it  diffioalt  to  say 
that  the  labradorite  rocks  are  not  of  eraptive  oharaeter.  They 
hare  the  oompoeition  of  dolerite;  and  certain  expoanrea  of  them 
upon  Monnt  Washington  are  sorely  injeoted  dykes.  Henoe  great 
donbt  ariaeB  whether  the  larger  area  of  Waterville  really  repre* 
Bents  the  Labrador  system  of  Canada.  At  all  erenta,  its  age  ia 
great,  for  these  dykes  oat  through  the  Montalban  strata  [He  had 
Tory  recently  said  the  labradorite  rocks  rest  discordantly  on  the 
optarned  edges  of  the  Montalban].  This  dolerite  may  be  regarded 
as  one  of  the  oldest  eraptive  rooks  in  the  Btate,  coming  to  the  sur- 
face in  what  was  the  labrador  age  of  the  world."! 

The  ernptire  nature  of  this  mass  was  detected  by  Dr.  Hawea; 
and  ia  recorded  in  the  third  volume  of  the  New  Hampshire  re- 
port, dated  1878,  though  it  does  not  appear  at  what  date  Fart  iii 
was  printed,  nor  at  what  earlier  date  it  was  prepared.    He  says: 

"Qabbro  is  found  in  immense  masses  in  Waterville  and  in  the 
vicinity  of  Monnt  Washington.  The  relationships  of  its  masaee  to 
the  anrroanding  strata  are  not  so  easily  determined  aa  those  of  the 
little  dikes  of  diabase  and  diorite,  the  walls  of  which  ate  nanally 
plainly  seen;  but  at  some  points  the  look  possesses  all  the  atmo- 
tore  of  an  eruptive  mass  and  when,  in  other  places,  this  is  not 
found,  the  evidence  furnished  by  more  favorable  localities,  aa  well 
as  that  furnished  by  allied  rooks  in  other  lands  where  they  have 
been  more  thoroughly  investigated,  must  at  present  be  decisive."^ 

Dr.  Hunt  now  found  oocasiou  to  change  his  position: 

"The  labradorite  rooks  in  the  White  Moantains,  which  had  by 
Hitchcock  been  referred  to  norite,  are  now  foaad  by  him  to  be 
emptive  massee."§ 

The   "porphyritic  gneiss"  always  commanded  Qie  attention  of 

'Ftnal  Import  11.  pp.  !14.2BH.£«0. 
•Wnnl  n^orl-  ".  P-  «"■ 
tFinal  Report  Nrut  Uampiililn.  III.  i>.  IH. 
tAtolt  Boclai,  p.  111. 
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professor  fiQtohoook.    He  early  pobliahed  observations  as  foUows: 

"The  sections  given  of  the  common  granite,  traohytio  granite  and 
the  Norian  series  (or  at  least  certain  felsites)  seem  to  determine  their 
relative  positions,  the  last  being  at  the  top.  The  breociated  gran- 
ites of  Franoonis  Beem  to  t>e  older  than  any  of  these  and  to  ander- 
lie  them.  *  *  If  these  points  are  assumed,  the  porphyritio  gneiss 
4san  be  ahown  to  be  at  the  bottom  of  the  series,  for  it  lies  outside 
of  the  lowest  of  them."* 

In  the  next  annual  report  the  "porphyritio  group  is  desoribed 
as  oonsisting  "mainly  of  gneiss  tall  of  large  crystals  of  orthoolase 
feldspar,  associated  with  fermgiaous  and  other  bands.  It  is  re- 
garded as  the  oldest  of  all  the  formations  in  the  State,"  for  reaBona 
-which  are  eiiameTated."t 

The  position  of  this  gneiss  is  again  referred  to: 

"If  the  felsite  series  is  of  the  age  of  the  Upper  Lanrentdan  or 
Iiabrador  of  Logan,  then  by  the  law  of  saperpnsition,  the  strata 
underneath  the  common  granite  are  Lower  Laorentian.  Observa- 
tion showed  ns,  at  this  phase  in  the  development  of  the  White 
Monntain  strnotare,  two  gneisses  and  a  breooia  underneath  the 
f^nitio  sheet.  The  most  important  is  the  "Porphyritia  gneiss,"  or 
granite  sometimes.  This  is  a  gneiss  having  large  crystals,  nsnally 
-one  and  a  half  inches  long,  of  orthoolase,  arranged  in  layers  in  the 
mass,  with  the  longer  axes  parallel  to  each  other.  These  we  oon- 
■oeive  to  be  the  strata.*  * 

"  The  descriptions  of  the  Laurentian  rocks  in  Canada  and  Europe 
make  mention  of  large  quantities  of  porphyritic  gneiss  ;  hence  we 
feel  warranted  in  referring  these  lower  schists  to  the  Laurentian 
system.     We  have  found  nothing  older  in  the  state."  X 

Again,  in  a  later  discussion  of  the  parallelism  of  the  gronps  reo- 
4>gnized  in  New  Hampshire,  having  mentioned  the  Canadian  eya- 
-tems,  Laurentian,  Labrador,  Hnronian  and  Cambrian,  he  says  : 

"  The  first  two  of  our  groups  may  be  referred  to  the  oldest  of 
these,  the  Laurentian,  without  hesitation.  We  do  not  possess  ex- 
haustive information  alx>at  the  occurrence  of  this  oldest  system  in 
■other  regions.  So  far  as  is  understood,  there  are  two  sorts  of  asso- 
ciated rooks  in  its  typicul  localities,  one  being  largely  pyroxenioi 
That  variefy  is  wanting  in  New  Hampshire.  A  porphyritio  or 
Augen- gneiss  is  eminently  characteristic  of  the  fundamental  rocks 
in  every  part  of  the  world ;  and  henoe  ours  may  readily  be  called 
■Laurentian.    *    *    [After  correlating  succeeding  New  Hampshire 

'    ■^^nnaial  BepoH,  1871.  op.  S^Z7. 
tilniHiat  Btport ,  1873.  p  11. 
tAw.  Anur.  Altoe.,  ISO,  xzl,  pp.  US-fl. 
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gronpe,  he  ooDtaDae8.J  The  Montalbnn  Beries  are  certainly  not 
oharacteriBtio  of  the  Laareotian.  *  *  Dr.  Hant  ia  Batiefied  thai 
tbey  overlie  the  Hnronian  or  greenatoDes.  Oar  own  obserrationfr 
lead  to  the  view  that  the  typical  Montalban  rooks  underlie  the- 
saiae,  as  recently  atated,  though  the  precise  relationship  is  not  be- 
yond controveray."  • 

I  make  bat  two  citations  farther  bearing  on  the  etraotaral  char- 
acter and  taxonomic  diaposition  of  Kew  Hampshire  ArchEean  rooks. 
The  first  is  connected  with  the  geneais  of  certain  syatems  : 

"  If  these  granites  behave  like  a  stratified  formation,  of  ooorse- 
the  qoeation  is  at  once  raised  whether  they  ahonld  not  be  regarded 
as  trae  strata.  The  answer  cannot  be  given  from  position  merely^- 
since  it  is  not  ancommon  to  find  sheets  of  trap  or  lava  holding  a 
perfectly  analogoos  position.  We  have  preferred  to  think  of  the 
White  Moantain  oonntrv,  at  the  end  of  the  Lanrentian  period,  as- 
an  immense  basin,  apon  which  there  was  an  overflow  of  oommon^ 
granite.  Being  liquid  it  spread  itself  oat  like  water,  assuming  a 
horizontal  earf ace.  After  a  while,  there  was  an  eraption  of  traohytio- 
granite,  which  spread  itself  in  the  same  way.  Sabseqaently 
the  telsites  were  formed  above  them  conformably.  It  would  be- 
nataral  to  regard  these  granites  and  felsites  as  belonging  to  on& 
period,  the  Norian.  The  limits  of  this  system  have  not  l>een  fixedp 
and  it  seems  as  if  in  New  Hampshire,  it  should  commence  in  the 
common  granite  and  end  with  the  red  orthoclase  felsite."t 

The  second  citation  is  an  observation  of  Mr.  Huntington,  who- 
says  of  the  porphyritic  gneiss  : 

"The  fact  that  rounded  fragments  of  a  dark  gneiss  are  found  m 
the  porphyritic,  shows  that  the  porphyritic  rock  in  Fitzwilliam  is- 
either  introsive,  or  that  in  the  process  of  metamorphism,  these 
fragments  were  not  obliterated,  and  that  the  dark  gneiss  —  which 
ia  very  limited,  but  resembles  some  varieties  of  the  Bethlehem 
gneiss  —  is  the  older  rock."  J 

Reference  has  been  made  to  the  evidence  borne  on  the  pages  ot 
the  Yermont  and  New  Hampshire  reports,  that  the  geological  dis- 
order reigning  in  those  states  is  of  the  most  perplexing  character. 
Obaervatione  of  strike  and  dip  defy  co-ordination,  except  within 
very  limited  areas.  Many  pages  are  devoted,  in  different  portions- 
of  the  second  volume,  to  records  of  dip  and  strike,  bat  no  general 
tendencies  to  groops  or  systems  of  strikes  is  distinctly  apparent. 

•Clnat  Report.  U.  flSe,  «0.   See  tunhet,  pp.  96,  W,  lOlt,  37*. 
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I  copy  at  random,  for  illaBtratioii,  the  records  made  of  the  dip  at 
file  rocks  of  the  "Montalban  series"  in  a  single  town,  Grafton  : 

At  McKelton'8,  S.  60°  E.,  72°. 

At  mioa  quarry,  N.  32"  B.,  80°. 

At  west  Bide,  S.  50"  E.,  75°. 

At  north,  8.  63°  B.,  70°. 

At  i  mile  Bontheaat  of  J.  Martin's.  S.  78°  E.,  70°. 

At  Alger  hill,  N.  62°  E.,  75°. 

At  H.  Bnllock's,  S.  38°  E.,  60°. 

At  Presoott  hill,  N.  82°  B.,  40°. 

i  mile  northeast  of  T.  Fobs',  S.  65°  E..  70.° 

At  Mrs.  Anrin's,  3.  62°  E.,  7a  °  " 

At-Tevkesbory  pond,  S.  33°  E.,  76.° 
Nevertheless,  professor  Hithohcook  has  giTeo  as,  near  the  olose 
of  this  Tolome,  a  chart  of  "Principal  axial  Lines  of  Vermont  and 
Nev Hampshire."  He  says:  "This  ia  the  final  snmming  ap  of  all 
the  moltitadinoos  obserTations  of  this  report.  *  *  This  map  and 
the  statements  of  the  last  few  pages  are  the  key  to  Part  II.  They 
are  the  generalizations  derived  from  onr  entire  vork,  both  in  the 
Kew  Hampshire  and  Yermont  sarveye."* 

Tomiiig  to  the  chart,  we  observe  a  seriee  of  broadly  sinooos  lines 
drawn  aoroee  the  two  Btatee,baviDg  in  western  Vermont  a  general  di- 
rection nearly  north  and  soath;  in  the  eastern  part  of  the  state,  a  gen- 
eral conformity  to  the  trend  of  the  Conneotiont  river;  and  in  New 
Hampshire,  a  still  stronger  tendency  to  a  NNE  direction,  with  some 
irregalarities  in  the  "White  Moontaiu  region.  These  are  simply 
lines  of  observed  straotnre.  We  are  told  also,  that  at  every  point, 
they  are  the  average  of  the  different  strikes  observed.  This  is 
worth  something;  bat  geologists  will  be  better  satieGed,  when,' 
from  this  maltitade  of  discrete  data,  some  later  hand,  if  not  pro- 
feeeor  Hitchcock's,  shall  have  evolved  the  deep  historic  and  gene- 
tic truth  oonuemingthe  sequence  and  vicissitudes  of  this  puzzling 
complex  of  terranes. 

Thomas  Bbnton  Bbooes. 
1873.  The  progress  of  the  investigatiDn  andertaken  by  Major 
Brooks  onder  the  aospices  of  the  Oeological  Survey  of  Michigan, 
in  1869,  was  shaped  by  complete  sympathy  with  the  general  views 
then  prevailing;  and  those,  it  is  jast  to  say,  were  strictly  Canadian. 
The  Canadian  enrvey  had  settled  in  the  conviction  that  the  iron- 
bearing  rocks  of  the  Marqnette  region  were  all  of  one  age,  and  they 
were  of  the  same  age  as  the  rocks  north  of  lake  Huron  which  they 

*F<nal  Report.  II.  p.  ST3. 
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had  long  known  as  Horonian.  Thoe  tin  geologists  of  Michigan  oame 
into  the  tradidoaal  belief  that  the  whole  territory  of  the  Northern 
Feoinsnla  of  the  state  was  covered  b;  the  Horonian  and  Laarentian 
systema — save  the  recognized  Lower  Silnrian  angle  at  the  eaat — 
the  St.  Marj'e  peoinsnla.  Major  Brooks,  as  the  result  of  foor 
years  of  iavestigation,  ooooladed  that  the  whole  geology  of  the 
Marqnette  district  shore  the  LaQrentian,  might  be  embraced  in  a 
certain  number  of  groups,  which  he  designated  nnmerically.  As 
the  characterization  of  these  groups  wUl  be  the  best  exhibit  of 
major  Brooks'  views,  and  as  these  numerical  designations  are 
neoessary  matters  of  frequent  reference  among  geologLsts,  they 
will  be  at  once  presented.* 

XX.    Granites  sonthwest  of  Lake  Miohigamme  (Taken  from 
Wis.  Bep.,  iii.  648. 
XIX.    Grayish-black  MiaaSckial,  often  stanrolitio,  and  holdiBg 
andalnsite  and  garnets,     Barely  ckloriiio  schists. 
XVni.     (Donbtfal).     Quartzyte  west  end  of  Lake  Miohigamme? 
XVIL     Anthophyllitic  schiat,  with  iron  and  maDganese. 
XVL     (Uaoertain.)     Ck>ntains  some  hiematite. 

XV.     ArgiUyle. 
XIV.     Quartzyte,   often  oonglomeritic.     Position    immediately 
orer  the  ore.     Oontains  neither  marble,   talc  nor  novaft- 
ulyte;  very  rarely  argillyte. 
Xni.     Specular  and  magnetic  ore.     The  principal  bed. 
XII.     Banded,  terrnginoas,  Jaspery  schist 
XT-     Coarse  dioryte,  with  a  light  grayish  and  reddish  feldspar. 
X    Silieious,  ferruginous  schists. 
IX.    Diorttic  rock. 
.VIII.    SiliciooB,  magnetic  schists.     "Flag-ores." 
VIL     Dioritic  rock. 

VL    Silioiooa,  magnetic,  banded,  chloritic  schists. 
V.     Quartzyte,  sometimes  containing  marble  (used  as  flax) 
and  beds  of  argiliyle  and  novnculyte.  Very  persistent  Very 
seldom  oonglomeritic 
IV.    Silieious,  ferruffinwus  schist. 
III.     SiUcious,  ferruginious  schist. 
IL     Silieious,  ferruginous  schist. 
I.     Silieious,  ferruginous  schist. 

[The  crystalline  sohlstB  follow  below.] 
"Theee  beds,"  he  says,  "appear  to  be  metamorphosed  sedimsB- 
tary  strata,  having  many  folds  or  corrugations,  thereby  forming  in 
•Tbe  table  Is  compiled  from  the  Mlrhlgan  iteport.  Vol.  1.  pp.  B&-I1S. 
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the  Marquette  region,  an  irre^lar  trough  or  baain,  which,  eom- 
menoiog  on  tbc  shore  of  Lake  Superior,  eztenda  west  more  than 
forty  miles  *  *  While  some  o£  the  beds  present  lithologioal  ohar< 
acters  so  oonstant  that  the;  oan  be  identified  wherever  Been;  oth- 
ers undergo  great  chimgea.  Marble  passes  into  goartzite,  which 
in  tarn,  gradaatea  into  uoraoalite;  diorites  almoBt  porphyritio,  are 
the  eqaivalents  of  soft  mt^nesian  sohists.  *  *  The  total  thiokneBB 
o£  the  whole  series  in  the  Marqaette  region,  *  *  may  aggregate 
6,000  feet. 

"Near  the  jnnotion  of  the  Huronian  and  lianrentian  systems,  in 
the  Marqaette  region,  are  several  varieties  of  gneissic  rocks,  oom- 
poaed  in  the  main  of  crystalline  feldspar,  with  glassy  qnartz  and 
mach  chlorite.  loterseoting  these  are  beds  of  borablendio  sohist, 
argillite  and  sometimes  chloritio  schist  These  rooks  are  entirely 
beneath  all  the  iron  beds,  seem  to  contain  no  usefnl  minerals  or 
ores,  and  are  of  anoertJain  age.  No  attempt  is  here  made  to  de- 
scribeor  classify  them."  (p.  84.) 

Of  the  "diorytea,  dioritic  achista  and  related  rooks"  he  aays: 
"These  obsonrely  bedded  rooks  *  *  range  in  straotare  from  very 
fine-grained  or  compact  (almost  aphanitio)  to  coarsely  grannlar 
and  crystalline,  being  sometimes  porphyritic  in  character.  *  *  On 
the  one  hand  it  gradoatea  into  a  heavier,  toagher,  blacker  variety, 
whioh  is  onqaeetionably  homblende-rock,  with  some  feldspar.  *  * 
On  the  other  hand,  it  pasaea  into  a  softer,  lighter  colored  rock,  of 
lower  apecific  gravity,  which  while  it  baa  the  aame  atreak,  weathers 
similar  to  true  diorite,  ia  eminently  achiatoee  in  character,  split- 
ting easily,  and  appearing  more  like  chloritio  achiat  than  any  oUier 
rock,  (p.99.) 

"At  sereral  points,  dioritic  schists,  semi-amygdaloidal  in  char* 
acter,  were  observed;  and  in  one  instance,  the  rook  had  a  atrong 
resemblance  to  a  conglomerate."  (p.  99.) 

"At  Bepnblic  mountain,  &  doleritic  schist  graduates  into  a  black 
mica-schiat,"  (p.  100).  Di.  Hunt  ezpressea  the  opinion  that  in  the 
case  of  Marqaette  diorites  the  homblendic  mineral  often  becomes 
softened  and  hydrated,  passing  into  a  degenerate  form  more  nearly 
allied  to  chlorite  or  deleesita  (in  which  water  is  an  esaential  oon- 
etitaent)  than  to  a  true  hornblende."  (p.  101.) 

"The  bedding  of  the  rocks  ia  generally  obsonre,  and  in  the 
granalar  varietiea,  entirely  wanting.  It  ia  osually  only  after  a  fall 
stndy  of  the  rook  in  maaa,  and  after  ita  relations  with  the  under- 
and  overlying  beds  are  folly  made  oat,  thatone  becomes  convinced, 
whatever  its  origin,  it  presents  in  mass,  precisely  the  same  pheuo* 
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meno,  as  regarda  stratifioation,  as  do  the  aooompaaTing  BohistB  and 
qaartzites."  (p.  102.) 

Of  magneaiaD  Bchiats,  ("moBtly  chloritio," )  he  Bays: 

"Intercalated  with  the  pore  and  hard  mixed  ores  at  all  the  mines 
worked  in  formation  XIII,  are  layers  of  asott,  Bohiatoserook,  of  some 
ehado  of  grsyish-cfreen,  and  often  taloy  in  feeling.  *  *  It  is  iin- 
questionably  a  m^nesian  sohist,  varying  from  chloritio  to  talooee 
in  character,  and  Bometimes  apparently  oontaining  a  large  percent- 
age of  argillita"  (p.  104.) 

"A  very  peculiar  oconrrenoe  of  this  rook  are  the  so-oalled  'alatfr- 
dykes,'  which  can  be  seen  at  the  New  England,  Lake  Superior  and 
Jackson  mines,  but  still  better  in  the  quartzite  ridge  just  north  of 
the  outlet  of  Teal  Lake."* 

Speaking  of  the  qnartzyte  {No.  XIV,)  be  says: 

"As  if  to  leave  io  our  minds  no  shadow  of  doubt  as  to  the  sedi* 
mentary  origis  of  this  rock,  nature  has,  io  addition  to  the  oon< 
glomerate  on  the  Sparr  mountain  range,  given  us  a  variety  of  the 
Upper  Quartzite,  which  can  only  be  described  as  a  fine  grained^ 
friable  banded  sandstoDe."  (p.  108.) 

In  disoussing  argiltytas,  be  says,  in  addilioa  to  beds  interstrati- 
fied  in  thequartzytes: 

"At  least  two  distinct  l>eda  of  argillite  have  been  made  out;  one 
immediately  beneath  the  ferruginous  schist  of  formation  X.  to  be 
■eeu  in  onterop  on  the  south  shore  of  Teal  Lake,  near  west  end, 
and  in  Uie  rail-road  oat  about  oaemileeaatof  Negaunee.  Another 
and  br  more  extensive  bed  is  XV,  which  forma  the  stratum  next 
above  the  upper  quartzite.  C>>Ior  aaually  dark  brown  or  blackish; 
but  where  associated  with  the  marble,  it  is  sometimes  reddish.  It 
has  a  true  slaty  cleavage  distinct  from  the  bedding.  *  *  Black, 
oarbonaceouB  matter  is  often  present"  (p.  IIL) 

"Beyond  the  limits  of  the  Marqnette  region,  we  find  in  the  re- 
cently explored  Hnron  Bay  District,  the  finest  clay-slates  so  far 
discovered  in  Miohigan."t  Within  the  Marqnette  diatriot,  he  finda 
a  carbonaceous  shale  more  highly  charged  with  graphitic  materiel, 
"of  a  blnisb-blaok  color,  but  burns  white  before  the  blow-pipe, 
marks  paper  like  a  piece  of  charcoal,  ia  soft  and  brittle,  alaty  in 
atmctnre,  and  having  a  specific  gravity  of  but  2.06." 

"This  rock  has  been  found  in  the  Marqnette  region  only  at  two 
lo43atitiea:  1.  The  8.  G.  Smith  mine,  T  45,  B  25,  where  it  aeema 
to  bound  the  iron  ore  formation  on  the  northeaat.  2.  On  the 
south  side  of  Sec.  9,  T.  49,  K.  33,  along  Plnmbngo  brook."     Analy- 
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ma  gftva  professor  Bmsh  20.86  percent  carbon.  "The  analyses 
prove  the  material  to  have  no  commercial  valae,  bat  possesses 
scientific  interest  as  proving  the  existence  of  a  large  smoant  of 
carlxin  in  the  Horonian  rooks.  The  equivalency  of  these  shales 
with  the  members  of  the  Marqnette  seiies  has  not  been  eetablished; 
they  are  nndonbtedly  Haronian,  and  are,  I  sappoae,  yonnger  than 
the  ore  formation  XIII."  (116.) 

Major  Brooks  reported  also,  is  a  condensed  way,  on  the  Menom- 
inee Iron  Bange  (pp.  157-182,)  and  very  briefly,  on  the  Lake 
Gogebiti  and  MontrealriverlronBange  (pp.  183-6).  In  connection 
with  the  latter,  he  presents  a  section  showing  the  nnoonformable 
junction  of  the  (so-oalled)  Haronian  with  Uie  (so-oalled)  Laaren- 
tian.  Thia  is  the  same  anoonformity  as  has  since  been  pointedoat 
by  Sweet,  Irving  and  others.* . 

1879.  Major  Brooks,  in  1879,  made  farther  publication  of  his 
views  respecting  the  Menominee  region,  and  partioalarly,  that  part 
of  it  which  extends  into  Wisconsin,  f  Of  his  earlier  Michigan 
work  he  makes  the  following  memorandam  : 

"  My  reconnoissanoe  of  the  northeastern  side  of  the  Menominee, 
the  results  of  whioh  are  given  in  the  Grologioal  Survey  of  Michi- 
gan, vol.  1, 1873,  gave  valuable  data  ;  but  that  work  on  the  whole, 
was  incomplete  and  erode,  and  will  be  superceded  by  this  report, 
whioh  is,  however,  not  complete  in  several  directions."^ 

He  recognizes  the  "  Keweenaw  (copper  series )"  among  the  rocks 
of  his  district  The  Harooian,  be  states,  is  "known  to  rest  non- 
oonformably  on  the  granite  and  gneiseic  rocks,  regarded  as  of 
Laurentian  age."  [He  is  here  anderstood  to  refer  to  the  Fenokee 
anoonformity.]  As  to  the  Haronian,  he  claims  to  have  sacceeded 
in  determining,  in  the  Menominee  region,  the  eqnivalenta  of  hia 
numbered  groups  in  the  Marquette  region  ;  and  it  will  be  useful 
to  reproduce  the  essential  parts  of  hia  table  : 
XX.    OranUe,  gneiss  and  porphyryte. 

XIX.    Mica'schiat,  hornblende-schist  and  gneiss.    Black,  snb- 
oarbonaceoas  slate  and  chloritic  schists. 
XVm     ( Not  observed. ) 

■»mu.  Wit.  Acad.,  18TS-S.  Ill,  t3-H  ;  Amtr.  Jour.  SH.,  IBTT.  III.  illl.  306.  This  Whltaey 
•nd  WndBworth  call  a"8uppoHed  unoon  form  ability"  [BuU.  Mat.  Comp.  ZoM.,  tII.US, 
SM.  407),  addlns  that  "the  proot  advanced  was.  that  the  foliation  of  the  granlM  and 
gneiss  dipped  at  a  different  angle  from  that  oF  the  HuroalaD  rocks."  *  *  "They  hava 
failed  to  observe  the  pbenoiaeaa  of  ooatact,  when  seen,  be; and  the  mere  fact  of  a  dlff- 
■not  dip  to  the  (ollatloa  observed."  Sach  too  frequent  rude  contradletlonB  might  with 
mora  oourtesy  have  given  place  to  eipresalona  of  doubt ;  but,  with  more  Justice,  to 
expressions  of  respect  tor  tbe  authority  of  such  excellent  observers. 

maekm  of  WiKoiuin,  vol.  Ill,  Ft.  vU,  pp.  «20-tfe.  with  appended  microscopical  obaer- 
TUkms  by  Dr.  Arthur  Wlchmann  (of  Leipzig),  pp.  flOO-OBS,  and  Appendices,  pp.  6V7-WS. 

tOtolonot  Wfeontn,  III,  p.  m. 
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XTII.    Qny  gneiss  with  small  cryatsla  of  triolinio  feldspar,  aAd 
large  ones  of  ortboclaBe.    Associated  with  hornblende- 
chloritic-and  'mio&oeoaa-quartz-sohist     The  Commoa- 
wealth  Iron  horizon. 
XYX     Schistose  greenstone,  with  mioaceons,  ohloritio,  qoartEose 
varieties.    Dioryte  (gabbro?). 
XV.     (Not  identified.) 
Xiy.    Light-gray,  apecolsr,  oonglomeritio  quartz-sc^wt,  oon- 

taining  mica  and  magnetite. 
Xin-VIII.    (Not  identified.) 
TIL     Qray  and  red,  soft,  aDotons,  hydronticaceoiia  schist,  grad- 
nating  into  clay-slate. 
VI.    Iron  ore.    Banded,  qnartzpee,  ferroginioas  sehiai. 
V.    Ihlomite  marble  with  diertj  lamin».    Very  thiok  and 

ptomiuent. 
IV  and  IIL     {  Not  identified. ) 

IL    Lower  quarizyte,  maaelTe  to  semi-sohistose,  arenaoeons, 
in  places  micaceoas  and  aottnolitio,  with  ocoasional  speo- 
olar  ore.    Feloh  moantain  sapposed  in  this  horizon. 
I.    Chloritic  gneiss;  hydroos-magnesian  schist;  slate-oon- 
glomerate;    quarizyte  and   perhaps   dioryte.     (Fossibly 
Lanrentian.) 
Comparing  thBHoronianrockBof  different  r^ouB,  Major  Brocdcs 
reaohee  the  following  oonolosioDs: 

1.  The  Haronian  rocks  are  generally  rich  in  species  and  varie- 
ties, bat  the  maximam  of  varieties  is  found  in  the  Marqnette  aad 
Menominee  regiona" 

2.  "The  points  oC  resemblance  between  the  Marqnette,  Mentnn* 
inee,  Sunday  Lake  and  Fenokee  series  are  so  nnmeroos  as  to  pcnat, 
I  think,  onmistakably  to  their  having  been  formed  in  one  boain, 
and  onder  eseentially  like  conditiona." 

He  adds: 

"Those  who  are  not  disposed  to  admit  that  lithology  affords 
maoh  assistance  in  identifying  rook-beds  over  e^n  small  areas, 
should  have  in  mind  that  the  Lower  Silorian  sandstone  can  now  be 
seen  qnite  uniform  in  character,  over  a  muoh  greater  area  in  the 
same  region.  Almost  the  same  remark  may  be  made  of  the  under- 
lying Keweeuian  rooks.  Cannot  approximately  as  favorable  ooii>- 
ditions  have  existed  for  the  formation  of  a  particular  kind  of  rook 
over  a  smaller  area  at  the  earlier  period?"* 

•CMoloev  of  Wfaetmtln.  111.  i^^SO. 
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NlWTON  HOBAOE   WiSOHELL. 

2975.  The  sfioond  seaaoD  ot  the  Geological  Barvey  of  Miimesota 
foand  profesBor  Wiaohell  engaged  in  an  examination  of  the  geology 
of  the  Minoesota  river.  In  describing  the  ontoropa  of  the  "  Qran- 
itsB  of  the  Yalley,"  *  he  noted  some  featares  vrhioh,  in  hia  latei 
researches  have  proved  to  possess  great  sigoifioaiicfl,  the  older 
observers  either  not  having  noticed  them,  or  failed  to  inqnire 
under  what  oonditiona  they  have  been  prodnoed.  This  granite  is 
the  oommoQ  ternary  variety.  In  the  neighborhood  of  Granite 
Falls,  he  says, in  his  description,  "there  are  sodden  changes  in  the 
rook,  from  real  granite  to  hornblende  schist.  These  oooar  irrega- 
larly."  He  speaks  of  the  formation  as  having  a  dip,  and  sappoaes 
it  doe  to  original  sedimentation. 

1880.  The  ninth  snnaal  reportf  of  the  Geol<^oal  aarvey  of 
Minnesota  contains  "A  Preliminary  List  of  Books,"  ^2  in  number, 
oollected  by  professor  Winohell,  on  a  tonr  made  daring  the 
season  of  1678,  from  Dolath  along  the  north  shore  of  lake  Super- 
ior, to  Pigeon  point,  and  thence  through  the  interior  by  the  line  of 
lakes  and  streams  marking  the  international  lK>undary,  veetward 
to  Vermilion  lake,  and  still  thence  to  the  Mississippi  river.  Both 
portions  of  the  route  had  been  previously  traversed — the  line  from 
Grand  Portage  along  the  boundary,  by  Houghton,  Norwood,  the 
Canadian  geolc^ista,  and  a  long  succession  of  traders;  bnt  no 
previous  explorer  had  gone  with  so  settled  a  purpose  to  penetrate 
the  mysteries  of  the  off-shore  geology;  and  no  one  had  made  its 
study  the  chief  end  of  his  visit.  Norwood  was  on  a  hasty  reoonnoia- 
sanoe  over  an  extended  line;  Hoaghton  made  a  brief  excursion  as 
for  as  to  Mountain  lake  and  returned;  and  Bell  passed  over  the 
route  chiefly  for  the  purpose  of  reaching  the  Canadian  territories 
about  the  Lake  of  the  Woods.  The  tour  of  1878  was  somewhat 
carefully  studied,  step  by  step.  Not  only  were  rook  masses  invest- 
igated petrographically  and  structarally,  but  the  plans  of  the  con- 
tours of  the  country,  the  systems  of  their  building  up,  the  great 
obvious  movements  by  which  juxtapositions  and  superpositions 
hod  been  effected — these  fundamental  phenomena  were  all  taken 
in  by  a  broad  sweep  of  observation,  and  the  problems  connected 
with  them,  it  not  at  the  time  resolved,  were  placed  in  the  midst  of 
surroundings  which  continued  thereafter  to  throw  important  light 
on  them.  It  is  worth  the  while  to  note  some  of  the  obnervationa 
mode — at  the  time,  apparently  isolated,  but  afterward  wrought 
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into  tEie  great  geological  oonoeptione  which  seem  nov  to  represent 
moch  of  the  troth. 

Oo  the  west  side  of  OraDd  Portage,  slate  was  seen  which  was 
probably  the  first  recognition  in  Minnesota  of  the  Animike  forma- 
ioD,  isolated  by  Hoot  in  1873,  and  of  which  so  mach  was  to 
become  known.  This  is  sabseqaently  identiSed  as  the  "silioo- 
argillaoeons  slate"  of  Norwood.  The  "elate  and  qaartzyte  of 
Pigeon  Birer  Falls"  are  said  to  dip  sonth.  Nnmarona  islands  off 
the  shore  are  visited.  The  principal  rock-axis  of  Pigeon  point 
penineala,  is,  he  says,  "not  evidently  a  dyke,  bat  a  massively 
bedded  or  coarsely  jointed  formation  which  extends  west,  and  soon 
rises  over  fifty  feet  from  the  water,  and  shows  a  basaltic,  mountain- 
like  stmotare.  It  resembles  the  rock  and  straetore  of  Bice  point 
(near  Dolath)  and  may  be  parallelized  with  it  in  age,  and  here  is 
associated,  as  there,  with  a  red,  metamorphosed  rock.  Here,  how- 
ever, it  is  a  part  of  the  Animikie  beds  of  Dr.  T.  Sterry  Hant, 
which  woald  therefore  seem  to  be  only  a  downward  extension  of 
the  Capriferoos  series." 

Proceeding  as  far  as  Mountain  lake,  he  remarks  "that  these  hills 
are  all  short  monoolinals  of  gray  qaartzyte,  with  beds  of  argilla- 
oeons  and  black  slate,  dipping  uniformly  is  a  southerly  direction, 
and  covered  with  a  greater  or  less  thickness  of  the  trap  rook 
(f;abbro?)  of  the  coantry—thetrap  being  sometimes  one  hundred 
feet  thick,  bat  generally  less  than  fifty  feet,  and  often  the  only 
rock  seen,  the  lower  beds  being  hid  by  the  copious  talus.  The 
slate  in  some  places  has  a  dip  slightly  southwest,  and  the  inolina> 
tion  amounts,  usually,  to  about  8  or  10  degrees.  The  trap  also  dips 
with  the  slate,  so  that  the  hille  have  gradual  slopes  toward  the  south 
and  steep  slopes  toward  the  north,  or  are  perpeudicular — indeed, 
they  most  frequently  are  perpendicular  for  about  twenty-five  feet 
from  the  top,  or  even  one  hundred  feet,  the  trap  having  a  widely 
basaltic  structure,  which  causes  it  to  fall  away  in  perpendicular 
oolnmns;  the  slate  and  qaartzyte' also,  have  frequent  perpendicular 
jointi^e  planes,  which  also  facilitate  the  perpendicular  breaking  of 
the  beds.  The  qaartzyte  is  evenly  and  conspicuously  beddedf 
without  any  confusion,  but  alternates,  both  gradually  and  suddenly 
with  the  black  argillaceous  slate.  The  most  of  it  as  far  as  seen  to 
this  place,  is  gray  qaartzyte.  This  quartzyte  must  be  an  immense 
formation,  as  it  is  that  seen  at  Grand  Portage,  and  all  over  Pigeon 
point,  and  the  islands  off  the  point." 

'Sinth  Report,  pp  W-TO. 

me  beds  called  liere  "qaaitijt«"  bn  wh&t  tha  writer.  In  Hpeftklng  of  thea«  fonoa- 
tlona.  baa  styled  lDterb«ddiiiga of  "BUlcloua(ofteD  Ja8pery)«tblat." 
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"SeTdral  important  gnestioaB  pertaining  to  the  geognosy  of  this 
lormation  arise  in  an  attempt  to  describe  it,  vhioh  mast,  for  the 
present,  remain  onanewered,  bat  which,  perhaps,  future  ezamina- 
tioDS  may  solve : 

1st.  Is  this  trap  older  than  the  nplift  of  the  hills,  or  did  it  come 
over  the  country  when  the  aplift  oooarred? 

2d.  Are  the  dykes  that  are  Eieen  crossing  this  trap  (as  at  the 
foot  of  Soath  Fowl  lake)  of  the  same  age  as  the  trap,  or  are  they 
anbseqnent  to  it? 

3d.    How  much  of  the  topography  here  is  due  to  glociation? 

4th.  Do  the  monoolinal  hills  ran  ander  each  other,  or  are  they 
«ach  separate  and  isolated  aplifts? 

5th.  Can  these  beds  of  supposed  igneous  rock  be  due  to  a 
change  in  the  sedimentary  rocks,  instead  of  igneous  outflow? 

6th.     Why  is  there  an  entire  absence  of  amygdsloids?" 

Arriving  at  the  north  side  of  Gunflint  lake,  he  notes  "hydromica 
{?)  slate."  "This  rook  rises  in  knolls  and  hills  one  above  the 
other,  irregularly  disposed.  The  slates  stand  nearly  vertical,  rnn- 
ning  E.  20°  N.  This  passes  insensibly  into  the  next^"  and  "  gradu- 
ates back  and  forth."  This  resembles  some  forms  of  the  slate  at 
Thompson  on  the  8t.  Louis  liver  (p.  82).  Belonging  to  the  same 
formation  is  a  "  greenish,  porphyritic  rock  (with  olblte  ?),  having 
sn  imperfect,  schistose  and  fibroua  structure,  and  some  free  quartz, 
«mbraced  much  like  veins,  in  the  slate.  It  is  not  vein  matter,  bat 
gradually  changes  to  the  slate,  right  and  left,  the  slates  standing 
nearly  vertioaL 

"  This  outcrop  is  supposed  to  Imlong  to  what  the  Canadian 
geologists  have  styled  the  Huronian.  It  underlies  the  quartzyte 
and  Gunflint  beds  [now  known  as  Animike  slates')  apparently  on- 
«onformably.  At  leasts  it  is  another  and  distinct  formation  from 
the  Blat«B  at  Grand  Portage"  (p.  82). 

It  is  to  be  regretted  that  this  clew  was  not  followed  up.  This  is 
ihe  discordance  which  has  become  celebrated.* 

Coming  to  the  characteristio  black,  silico-argillitio  slate  which 
gives  name  to  Knife  lake,  he  styles  this  rock  "a  light  green,  tough 
magnesion  rock  [which  |  con  perhaps  be  designated  a  chloritic  or 
serpentinous  quartzyte,"  and  recognizes  it  as  belonging  to  the 
{then  called)  Huronian  slate  series;  and  thus,  fourteen  years  ago, 
excluding  it  from  the  crystalline  schist  series,  to  which,  later,  it 
has  been  referred. 

1881.     A  similar  journey  wos  made  in  1879,  and  the  resolta   are 

o  discover  flint  ai 
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fooad  in  the  report  tor  1881.*  The  etndies  attending  this  trip 
were  porsaed  ander  oironmstanoeB  promising  still  larger  resnlte. 
The  Knife-lake  slatee  and  the  schists,  now  known  as  Kewatin,  were 
identified  near  the  west  end  of  lake  Superior.  The  tour  extended 
to  Orand  Msraia  and  SiWer  Islet,  and  Crom  Grand  Marais  to 
Ogishke  Mancie  and  the  month  of  Poplar  river.  On  Mayhew  and 
Loon  lakes  he  examined  again,  the  "great  qaartzyte  and  slate  for- 
mation, or  the  Animikie  group."  He  describee  again,  and  in 
more  detail,  the  remarkably  flinty  breccia  on  the  north  side  of 
Qnnflint  lake,  and  speculates  on  the  oaoee  of  its  oondition.t  I 
quote  the  following  obscure  paragraph: 

"The  close  proximity  of  this  ilint  and  jasper  locality  to  the  next 
great  underlying  formation  (syenites  and  slates)^  makes  it  one  of 
great  interest  to  the  geologist,  bat  so  far  as  sorutiuized  as  yet,  the  tme 
relations  of  the  two  formations  are  not  revealed  by  anything  here 
seen,  though  there  seems  to  be  an  anoonformability  t>etween  them." 
(p.  88.)  I  have  elsewhere  quoted  this  passage  as  intimating  an 
unconformity  between  the  "slate  and  quartsyte"  and  the  vertiea] 
schists  north  but  farther  east,  on  Gaufiint  lake.  But  I  am  not 
sure  this  is  the  author's  meaning,  beoanse  he  seems  to  be  compar- 
ing the  breccieted  formation  with  the  (underlying?)  slates. 

Coming  to  Ogishke  Munoie  lake,  he  sabjects  the  mysterious  con- 
glomerate to  farther  investigation.  Notwithstanding  the  length 
of  the  passage,  it  may  be  well  to  qaote  largely,  so  that  the  reader 
may  compare  the  statements  with  those  of  Sir  William  Logan  in 
speaking  of  the  slate  conglomerate  of  Thunder  bay  (See  p.  132.) 
He  says: 

"The  conglomeritic  character  is  hardly  distinguishable  on  a 
fresh  fracture  of  the  rock,  which  sometimes  shows  different  shades 
of  green.  Bat  all  over  the  surface,  when  glaciated  and  weathered, 
are  visible  the  forms  of  rounded  bowlders  included  in  the 
rock,  the  different  forms,  colors  and  grain  of  the  bowlders 
being  brought  out  plainly.  This  is  essentially  the  same  formation 
as  the  rock  743  and  737,  and  it  ooastitutes  by  far  the  greatest  part 
oC  the  country  rock  abont  Ogishke  Munoie  lake.  Wherein  the 
rock  737  differs  from  738,  which  also  passes  into  744  by  the  acoes- 
sion  of  slaty  strnctnre,  and  the  obliteration  or  modifioationof  it  by 
the  accession  of  bowlders,  it  may  l>e  ascribed  to  varying  proximity 
to,  and  influence  of,  the  underlying  taloose'  rocks,  in  the  process 
oFdepositionandmetamgrphism.     *     *     On  the  island  [  Campers',} 

'TtnOi  AnnwU  Rtjwri  .Iflnniaolfl.  pp.  0.122. 

*Tentli  AnTiual  Repiirt  Hinn.,  p.  87, 

tThn  breccia  loOHlltr  In  wltMn  the  alAtes  of  the  "QuBrtr.yU-  and  SIkU"  riirmatlcm. 
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it  is  ft  real  oonglomerate,  vith  a  smoothly  glaciated  aarfaoe,  and 
the  aectiong  of  some  of  the  roanded  stones  are  a  foot,  and  eren 
more,  in  diameter.  They  are  very  abundant  Sometimes  the 
rounded  stones  make  three  qaarters  of  the  whole  rook,  bat  in  other 
oasee,  the  slaty  matrix  is  nearly  free  from  them,  over  considerable 
areas." 

The  anthor  suggests  the  following  order  of  saperposition  of  the 
rocks  in  this  part  of  Minnesota: 

"  1.  The  nearly  horizontal  gaartzyte  and  elate  formation  com- 
poeing  the  hills  aronnd  the  Grand  Portage  and  the  international 
boandary  as  far  as  Qunflint  lake. 

"2.    The  coarse  grit  or  fine  conglomerate,  Na  738. 

"3.  The  jaepery  and  caloareons  beds  that  are  known  as  the 
•'Gunflint  beds,"  Nos.  737,  743. 

"4.  The  gray  marble,  No.  74S.  [See  this  farther  disooesed  in 
X^/fAiJep.  pp.  95-6.] 

"6.  The  tilted  slafy  conglomerate,  and  the  great  oonglomerate 
about  Ogiehke  Mnnoie  lake.    Nos.  744,  750,  754. 

"  6.  The  amphibolyte  and  the  chloritic  slates,  Nos.  731,  753, 
348,  349,  350,  355,  356  and  358. 

"  7.  Mioa  eohists  and  alternations  of  mica  sobista  and  syenite. 
Nob.  335,  337,  339,  401,  406,  408,  414,  417. 

"8.     The  syenites  and  granites  of  Saganaga  and  Gull  lakes.* 

"There  is  yet,"  he  says,  "one  very  important  andetermined  qnes- 
tion  relating  to  this  generalized  section,  which  ought  to  be  borne 
in  mind,  viz:  Is  the  great  qaartzyte  and  slate  formation  of  the 
international  boundary  (No.  1  of  this  eection)  the  eame  as  the 
highly  tilted  slaty  and  qaartzyte  formation  which  passes  into  the 
great  oonglomerate  (No.  5)  ?  There  are  some  considerations 
which  seem  to  imply  that  it  is,  thoagh  in  all  descriptions  and  sec- 
tions they  have  been  treated  as  different  terrenes,     (a)     Where 

•I  venture  to  make,  on  theae  asslKiimentn.  the  following  suggestions; 

1.    Tblsrlearlriithu  Anlnilke. 

%  ThiH.  I  Judge.  In  only  a  border  condition  ol  (he  Oglsbhe  Conglomerate  (See  XVI 
Ana.  Sep.  Jfinn.  pp.313,315).  There  are  also,  on  the  bordercof  Wtos-toalc  KUd  ToMn- 
llue  lakes,  several  occurrences  ol  gravell;  Herlcltlo  BCblst— as  also  on  Ensign  lake. 
( XVI  Rep.  p,  313,  Ruck  803:  and  p.  315,  Rock  8SB.  680.) 

3.  I  roeiconxtralned  to  regard  these  as  no  distlnetpart  of  the  Anlmlke.  (See  XVI 
Rep.  p.  »l.) 

4.  ThiH  Is  what  la  dowrihcd  as  a  bed  oC  doloniyle  In  XVt  Rep.  p.  31S. 
y    TheOg[»hkBConf(10Toerate, 

0.  BflblnluiiderHtaiidtbe  author  to  mean  the  luter-callod  "Kawaaachongrock"-- 
greeo  chlorllJi;  slates  (even  It  originally  erupted);  the  "grceostoDe"  Lllls  south  and 
north  o(  Oglshke  Muucle,  aud  the  chlorlllc  and  amphlbolltlc  conditions  ot  the  "  Kc- 
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tbe  horizontal  slatea  approach  th«  ayenitea  at  the  east  end 
of  Gnnflint  lako,  there  is  nothing  to  be  seen  o£  any  beds  repreeent^ 
ing  the  tilted  alatea.  The  ayenitaa  and  their  assoeiabed  Bchista 
come  on  at  onoe.  {b)  Where  the  tilted  alatea  and  oonglomeratea 
aasooiated  with  them  are  traceable  from  the  syenite  upward  to  the 
gsbbro,  as  soath  of  Ogiahke  Mnnoie  lake,  there  is  nothing  to  be 
seeo  of  any  beds  like  the  horizontal  black  alates  of  No.  1.  (c)  The 
"GuDfliot  beds"  appear  to  belong  to  the  horizontal  slates  of  the 
international  boandary  at  Gnnfiint  lake,  bat  their  sapposed  eqniva* 
lents*  at  Ogiahke  Mnnoie  lake  belong  to  Bohiatose  and  tilted  slates 
and  oonglomerBtea.  {d)  Although  the  horizontal  slates  and 
qaartKytes  of  the  international  boandary  strike  west  and  eoathweat 
across  the  state,  forming  one  of  the  most  important  topographioaj 
featares  of  the  northern  part  of  the  state,  and  can  be  followed  for 
many  miles  as  sooh,  yet  they  are  lost  entirely  in  the  region  of  the 
npper  St  Loais,  and  the  tilted  slates  are  the  only  ones  seen  where 
that  river  onts  the  rock  at  Knife  Fails  and  below .f  (e)  The  great 
gabbro  belt  which  earmonnts  the  horizontal  slates  along  the  inter- 
national boundary,  and  prevails  to  the  east  and  sonth  of  their  line 
of  strike,  is  seen  to  pass  to  the  west  of  lake  Snperior,  at  Dalath, 
and  to  disappear  from  sight  suddenly  between  Dulnth  and  Fond 
do  Lao,  as  if  its  continuance  depended  on  the  maintenanoe  of  the 
horizontal  formation  with  which  it  is  associated.  (/)  Where  the 
Gunflint  beds  become  jaspery  hramatite,  as  south  and  east  of  Ver- 
miliou  lake,^  the  strnctnre  of  the  tilted  slates  passes  into  the  iron 
ore  aa  if  of  the  same  formation,  {g)  The  formation  which  onder- 
lies  the  Cnpriferoua  at  Fond  du  Lao  is  the  tilted  slates,  and  that 
which  underlies  it  at  Orand  Portage  is  the  horizontal  slates." 

"A  thoTongh  examination  of  the  hill-range  between  Gunflint 
and  Ogiahke  Mnncie  lakes  would  probably  reveal  the  facts  as  to 
any  transition  from  the  horizontal  slates  to  the  tilted  elates.  "§ 

From  some  oonfaaion  noted  in  the  stratification  of  the  region 
soatb  of  Ogishke  Mnncie  lake,  the  author  seems  almost  ready  to 
Adopt  the  alternative  afterward  embiaoed  by  professor  Irving. 

In  a  paper  embodying  descriptions  of  fifty  thin  sections  prepared 
from  the  rocks  of  the  CapriferouB  series  of  lake  Snperior  professor 
Winohell  pointed  out  distinctly  the  two-fold  origin  of  crystalline 

*ll  Is  uotobvlous  thalr&ay  Huoh  bvds  aru  tliere.  Hut.  fti  uny  vTctit.  ir  we  dlstllnituliiK 
the  borliontul  slatL-s  lioldhiR  Uio  "GunHlnt  b«dN"  fmm  the  vert  Ion]  Hliilea  hold  lug  the 
coDglomerote.  no  difficulty  will  eniM. 

IFcDm  (a),  (b>ai]d  (A.  It  Is  not  to  lio  Inferred  Unit  I  wu  HyHtunin  do  niit  exlsl,  but  that 
theyare  not  oo-citenHlre.  Thulr  CDAxI-tU'iirp  Ih  HCVnon  the  north  Mhom  of  OunBlnti 
lake 

rrhe  very  distinct  hiematllii  hiniintlon  alw  (contains  Janpery  tM>d!i. 

IThlsJoumey  wasmndelniwrr.    Htf  JTl'IWi  Kpttiit.  pp.  TWti. 
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rocks.  He  showed  by  demonstratjoiu  aocompasylDg  the  memoir,* 
thnt  the  orystaUizatioDS  reeolting  from  metamorphism  sometimes 
imitate  closely  the  character  and  oompoeitioii  of  the  rocks  whose 
eraptive  escape  has  been  the  cause  of  the  metamorphism.  On  the 
north  of  lake  Snperior,  the  ooDlaot  of  the  gabbro  with  the  red 
sandstone  has  produced  "all  stages  of  metamorphic  ofaange  —  from 
red  sedimentuy  shale  and  sandstone  to  red  felsite  and  syenite." 
A  sedimentary  rook  heated  to  the  point  of  fusion  of  the  teldspathio 
oonstitaents,  and  then  cooled,  will  exhibit  a  non-differentiated 
gronnd,  with  feldspar  crystals  porphyritioally  diseenujiated. 
Heated  completely  to  the  tosing  point  and  then  cooled,  the  least 
faaible  mineral  —  probably  qa&rtz,  wonld  £rst  crystallize  oat,  and 
later  orystallizationB  wonld  be  penetrated  by  the  older  qoartz. 
Simoltaneoasly,  the  introsive  matter  would  impart  certain  constitn- 
ests  to  the  softened  sedimentary  bed,  and  minerals  woald  arise  for 
which  the  requisite  constitnents  had  not  before  existed  in  the 
bed.t 

1884.  At  the  Philadelphia  Meeting  of  the  American  Assooia* 
tion,  he  delivered  an  address  before  the  Section  of  Geology  as  its 
president  in  which  he  discussed  "  The  Crystalline  Bocka  of  the 
Northwest."^  This  was  a  broad  survey  in  which  he  attempted  to 
arrange  the  saooeBsion  of  the  great  Arohnan  terranes,  and  point 
out  iheir  relations  according  to  the  views  of  other  geolt^ists.  As 
the  table  at  the  end  contains  a  convenient  synopsis  of  the  positions 
taken  that  will  be  here  first  introduced. 

*PToe.  Amer.  A»aoe.,  I88I.  XXX.  190-«.  Also  Ttnth  Ann.  Bep.  Oeol.  Uinn.,  pik  IXl-lO. 
Tbe  subject  was  earlier  dlHCUBsed  Id  Proc.  Amtr.  Auoe..  1880,  XXIX.  pp.  Va-436.  Oomp. 
slBo,  Tentb  B«p..  pp.  108,  111. 

'frhe  phenomena  hen  referred  Mareol  the  same  character  bs  those  wbloh  professor 
Bailer  has  since  described  and  explained,  Bee  Amtr.  Jour.  Sd,.  Ill,  xxxix.  373-S80, 
Apr.  ISeO. 

tProt.  Amer.  Akkx..  1165,  Pt.  11,  pp.  aaa-aw ;  XITlOt  Minn,  Report,  pp.  121-139 ;  Amer. 
JToturaUK.  xvlH.  VH-LOM.  18M  ;  Scleniic.  Iv.  33fr«U).  Sep.  12. 18M  (BbbreTlated.! 
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The  Bathor  of  this  table  commeuts  upon  his  "  Groups,"  in  sab- 
etaoce,  as  followa : 

FiBST  Gbouf.  la  represented  in  Minnesota  by  the  gabbro  and 
red  syenite  at  Dulatb.  *  "  The  outorop  of  red  granite  near 
New  Ulm,  lying  under  the  conglomerate  aod  red  qnartzyte,  is 
probably  in  the  ponthwestward  line  of  extension  of  this  gronp. 

Second  Gbocp.  Consists  of  schists  that  are  mioaoeona  and 
often  stanrolitic  as  well  as  garnetiferons.  Yarioasly  associated 
with  beds  and  veins  of  t^anite  and  gneiss.  Has  amaximam  thick- 
ness of  6,000  feet 

Third  Qroup.  Sometimes  passes  into  roofing  alates,  with  beds  ' 
of  iron  ore,  qnartzyte  and  dioryte.  "  Includes  the  black  alatea  of 
the  Animike  gronp  in  northern  Minnesota,  of  Knife  lake,  Knife 
Portage  on  the  St.  Lonia  river ;  and  carbonaceous  shales  lately 
reported  near  Aitkin  on  the  Misaiaaippi  river.  Thiokaesa,  2,600 
feet.  ' 

FoDBTH  Gbocp.  Schista  aoft  and  obacnre,  becoming  qnartzose 
and  alao  hEematitis  ;  also  with  nnmerona  beda  of  dioryte.  In  Min- 
nesota, this  ie  the  iron-bearing  horizon  at  Yermilion  lake.  Maxi- 
mum thickness,  4,450  feet. 

Fifth  Group.  Represented  by  No,  Y.  at  Marquette,  Nob.  II. 
and  Y.  at  Menominee,  and  Nob.  I.  and  III.  at  Penokee.  The  mar- 
ble lies  above  the  quartzyte,  and  in  the  Menominee  region  has  a 
minimam  thicfcness  of  1,000  feet ;  while  at  Marquette,  it  graduates 
into  a  dolomitio  quartzyte  of  indefinite  extent,  the  whole  gronp 
being  there  essentially  quartzyte.  A  most  persistent  and  well- 
marked  horizon.  The  quartzyte  sometimes  holds  feldspar,  thus 
having  the  appearance  of  grannlyte.  In  Minnesota  this  horizon 
seems  to  run  along  the  south  side  of  Ogishke  Muncie  lake,  near 
the  intornational  boundary,  and  includes  perhaps  the  great  slate 
conglomerate  which  is  there  represented.  This  seems  to  cor- 
respond to  the  lower  portion  of  the  great  qnartzyte  of  this  gronp, 
and  to  be  thq  equivaleat  of  the  "lower  slate-conglomerate"  of  the 
typical  Hnroniao  ia  Canada.  Normal  thickness  from  4i)0  to  1,000 
feet ;  but  if  the  great  conglomerate  of  Ogiahke  Muncie  be  included 
here,  the  thickness  of  this  group  in  northern  Minneaota  will  exceed 
6,000  feet. 

Sixth  Geodp.  In  Minnesota,  found  on  the  international 
boundary,  at  Saganaga  lake,  and  large  boulders  from  it  are  in- 
olndad  in  the  overlying  conglomerate  at  Ogishke  Muncie  lake, 
showing  an  important  break  in  the  stratigraphy.  Thickness  un- 
known, but  very  great. 
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In  the  progrecB  of  the  diBcassioD,  the  aatbor  proposes  to  iiutall 
the  teTm  "Taoonio"  in  the  nomenolatiire  of  the  older  rocks. 

1887.  The  report  of  this  year  embodied  views  eTinoing  pomtiTe 
progress  in  reference  to  several  questions.  The  intimate  relations 
of  granitic  rooks  with  terraues  of  admissibly  sedimentary  origin 
were  brought  into  distinct  view,  and  many  instances  of  transition 
were  pointed  ont,*  and  many  remarkable  cases  of  inclusion  of 
granitic  and  gndissio  fragments  in  the  body  of  the  schists,  and  vice 
versa.  In  the  report,  it  was  intimated  that  the  Animike  forma- 
tion overlay  one  emptive  rook  and  underlay  the  other,  and  that  it 
seemed  to  embrace  the  Ogishke  Conglomerate  in  its  lower  portion 
1  (p.  381).  The  lower  emptive  rook  was  represented  to  be,  in  some 
places,  a  remarkable  agglomerate,  and  in  various  ways,  to  bnoome 
changed  to  greenish  schists,  chloritic  and  serioitio,  and  to  embrace 
in  its  mass,  generally  with  an  appearanoe  of  unoonformity,  the 
jaspilyte  and  iron  ore  of  the  Vermilion  lake  region.  At  the  same 
time,  this  green  rook  exhibited,  at  times  very  manifestly,  some 
signs  of  squeous  stratification.  At  other  times,  no  such  structure 
was  fonnd  in  it,  and  it  merged  into  a  dense,  homogeneous,  unbed- 
ded,  doleritio  mass.  It  was  announced  that  the  graywackes,  which 
are  in  this  "green-stone"  formation,  fade  ont  by  merging  into  its 
evidently  eruptive  condition ;  but  in  many  places  are  distinctly 
sedimentary,  having  much  quartz  in  rounded  grains,  arranged  in 
unmistakable  layers. 

It  was  again  pointed  ont  that  besides  the  largo  body  of  normal 
gneiss  at  the  geological  base  of  the  series,  there  is  inseparably 
associated  with  the  gabbro,  a  red  formation,  having  the  apparent 
composition  of  syenite  ;  -and  also  a  farther  distinction  in  the  rook 
of  the  Giant's  range  —  one  portion  of  it  being  the  result  of  local 
change  in  some  bedded  sediments  probably  later  than  the  Lanren- 
tiau  (pp.  347,  349,  352,  353).  The  cause  of  this  change  in  the  sedi- 
mentaries  was  suggested  to  be  the  gabhro  eruption.  The  red 
syenite  resulting  is  the  "red  rock  "  of  the  earlier  reports,  the  red 
quartz  porphyry  and  the  "  Palisade  rock  "  of  lake  Superior  shoie. 
This  report  contaius  a  geological  map  of  the  northeastern  part  of 
Minnesota.     The  distinctions  recognized  are  the  following : 

1.  Trap  and  amygdaloid  )  „       .. 

2.  Feld.p.thic  .udrook  j  Oapriferom 

3.  Gabbro  and    red     granite,   sometimes 

dioryte  Mesabi  range. 

4.  Quartz  porphyry  and  felsyte. 

Q,  203.  !S4,  aM,    Sne  also,  the  Hcconip&iiy 
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6.  Gray  qaart^ta  and  black  slate  Animike. 

6.  Greenstone,  diabase  and  chlorite  sohiat. 

7.  Serioitic  Bchist,  argillyte  and  gray waoke      Kewatin  ( in  part ) 

8.  Iron  ore. 

9.  Conglomerateandoonglomeritiofelsyte      Ogishke. 

10.  Mica  andhomblendeBobist with  dioryte     Vermilion  series. 

11.  Gneiss,  syenite,  granite  Lanrentian? 
1888.  QaeetiopB  of  taxonomy  and  paralleliam  occupy  mnch  at- 
tention in  the  report  of  work  for  1887.*  A  risit  to  the  "Original 
Horonian"  of  Sir  William  Lc^an  leads  to  the  conclnsion  that  while 
the  stratigraphic  descriptions  of  Logan  were  faithful,  the  "green 
chloritio  slates,"  so-called,  are  not  by  any  means  constitnent  parts 
of  the  stratigraphy,  bat  are  distinctly  ernptiTe.  The  "elate  ooa- 
^omerate' '  of  Logan,  he  thinks  repeated  in  Minne8ota,in  the  Ogishke 
Conglomerate  (pp.  39,  58,  G9.)  The  general  parallelism  is  given 
asbdow. 

Canada..  Miitnesota. 

Ottertail  qnartzyte     )        t  Pewabio  qnartzyte? 

Thessalon  qnartzyte    \       )  Mew  Ulm,  Fokegama  and  Waoswaogo- 

ing  qnartzytee. 
Black  slate  Animike  block  slate. 

"Lithographic  stone"  and 

fine  gray  quartzyte  (Not  known.) 

Bed  felayte  Felsytes  at  Dnlath,  and  probably  the 

great  Pali&ades. 
Missisagai  qnartzyte  (Not  known.) 

Slate  conglomerate  Ogishke  conglomerate. 

Careful  obserrations  reported  from  the  region  north  of  Gnn£ini 
lake,  indicate  two  conclosions: 

1.  There  is  a  fp^aal  transition,  stmctnral  and  mineralogioal, 
from  the  Eewatin  downward,  through  mica  and  hornblende  schist, 
to  the  gneiss  (pp.  68.70.  Also  XF/iZep.,  37-39.) 

2.  The  intermediate  crystalline  schists  (Vermilion  gronp)  do 
not  seem  in  all  places  to  be  present  (pp.  74-77, 81.)  Boom  exists 
for  the  supposition  that  the  metamorphio  action  in  some  regions 
was  snfficiently  powerful  to  carry  fused  masses  of  the  lower  sedi- 
mentary rooks  bodily  across  the  stratigraphic  horizon  of  the  crys- 
talline schists  into  contact  with  the  Eewatin  schists.  For  this 
reason,  crystalline  schists  sometimes  are  interrupted  by  gneiesic 
rocks. 

Of  conglomerates  in  crystalline  horizons,  he  says: 

•SiaieatOi  MinTtanIa  Report.  1888. 
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"The  ooDglomeritio  stractare  has  therefore  dow  been  seen  in  the 
following  crystalline  rocka  of  Minnesota: 

1.  The  Sank  Rapids  "granite.'' 

2.  The  porphyritic  conglomerate  at  Ogishke  Manoie  lake,  and 
the  similar  gneiaB  in  Kekekabic  lake. 

3.  The  Stnntz  island  porodyte. 

4.  The  greenatoneof  Twin  mountain. 

5.  M;  brother  reporta  it  oonspicnons  in  the  Saganaga  gDeiss. 

6.  This  bowlder  [from  Iron  lake]  shows  it  in  the  Vermilion 
group.  (Later  known  in  gneiss  at  Bedwood  Falle  and  Morton  in 
the  Minneeota  valley.) 

7.  In  the  Laarentian  syenite  in  Michigan,  south  of  the  Aorors 
mine.* 

As  to  the  distinctness  of  the  Animike  and  Eewatin,  the  author 
entertains  no  longer  any  doubts,  and  he  cites  facts  on  pages  80  and 
81  which  prove  it,  and  prove  the  equivalence  of  the  Hnronian  of 
Canada  with  the  Animike.    But  the  upper  part  of  the  Ogishke 
ooDglomerate  he  is  disposed  to  regard  as  a  member  of  the  Animike 
la  traversing  the  country  between   Onnflint  lake  and   Ogishke 
Manoie  lake  he  established  the  existence  of  an  upper  member  of 
the  Animike,  which  wasnamed  Pewabic  qoartzyte.  It  ismegnetitio, 
and  lies  near  the  top  of  the  Animike  (pp.  85-tf6.)    He  parallel- 
izes the  Pewnbic qnartzyte  with: 
Wauswangoning  quartzyte. 
Theesalou  and  Ottertail  quartzyte  (of  Ontaria) 
Potsdam  sandstone  of  the  Adirondacks.! 

And  these  are  regarded  ae  farther  equivalents  of  the  Pewabio 
quartzyte: 

Granular  quartz  (Emmons) 
Teal  lake quartzy tjS,  No.  Ill  (Brooks.) 
Quartzyte  group  (Bominger. ) 
Baraboo  quartzyte. 

Sioui  quartzyte  (8ee  XVIIth.  Minn.  Bep.,  p.  51J,) 
The  following  is  the  method  of  reasoning  employed  to  establish 
the  relations  of  the  Ogishke  conglomerate  with  the  Animike: 

"The  bills  about  the  northeast  extremity  of  Gabimiohigama  lake 
consist  entirely  of  Animike,  iine.^raiaed,  tilted,  fractured,  rece- 

*Mnn7  bowldpn  itiny' bespvii  1u  tliu  Kranltf  nl  wlilch  the  Cblcago  "Auditorium"  Is 
built.  Acoordlni!  to  the  Hrlter'nobHurviLtlon.  tew  Kraultea  can  be  found  wllliout  evl- 
denco  ot  (ruKnit'iitDl  Intermixture  Tlie  inutile  In  the  "Auditorium"  wnit  IhIicd  fmin 
the  Qlnnt'a  range,  at  Hinsdale,  Minn. 

ton  thtB  parBllellsm  see.  also,  Amtriean  OeuloirlgC. March.  1H89. 

Tin  the  cljihtf^nth  uiiiiunl  report  he  (includes  that  (he  Powulilc  quurttylc  la  1>eluir 
the  hlBOk  Hlatex  ot  the  Auliiilkr.  carryhiR  nitli  It  the  great  gubbni  i>utlluw  nod  the  red 
granlti'H  and  quarts  piirpliyrleti  lii  llie  sumo  stratliraphlr  piMltluu. 
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mented,  but  id  gendral  dipping  Dortbeasterly.  At  the  lake  shore, 
these  beds  weather  ont  veryroagh,  the  silioions  Telse  and  the  hard- 
er beds  projeoting.  In  some  places  they  are  aboat  Tertical,  but 
they  vary  oonstatitly  in  dip  and  Btrike." 

'In  pasBiDg  along  the  north  shore  westward,  however,  N,  E.  J  of 
sec.  31,  65-5,  this  rook  becomes  slaty  and  vertical,  and  strikes  f7. 
W.  by  compass. 

"All  along  the  north  shore,  from  the  northeast  end  of  the  lake  to 
aboat  the  centre  of  N.  E.  of  sec.  31,  65-5,  these  titled  slates  and 
qnartzytes  extend,  having  a  high  dip  toward  the  northeast,  and 
finally  t>eooming  vertical.  The  ahore-Iine  rnns  across  the  strike 
bat  not  at  a  right  angle.  Hence  in  going  west,  one  passes  onto 
lower  and  lower  beds.  At  this  place  the  Ogishke  conglomerate 
appears  on  the  shore,  rising  in  a  ridge  abont  fifty  feet  high,  at  a 
few  rods  from  the  shore.  On  the  beach  it  is  disintegrated  and 
hardly  preceptible.  The  dip  of  the  beds  of  qnartzyte  and  slate  that 
are  interbedded  with  it  is  88°  M.  E.  and  the  strike  N.  W. 
There  is  ihns  seen  to  be  an  undeniable  graduation  from  the  Ani- 
mike  into  tlie  Conglomerate."  (pp.  90-91). 

Farther  evidences  of  a  transition  are  thonght  to  be  present  in  the 
disturbed  condition  of  the  strata  about  Fox  and  Ag^mok  lakes  (pp 
94.95). 

1889.  This  result,  ae  annonneed  above,  is  pronounced  in  the 
report  of  work  for  1838*  an  important  point  reached— "the  sep- 
aration of  the  Ogishke  conglomerate  from  the  greenstone  agglom- 
erate, on  which  in  eome  places  it  must  lie  unconformably.  They 
seem  to  have  both  been  affected  by  the  gabbio  epoch  of  disturbance 
and  the  gabbro  was  found  in  different  localities  to  lie  on  the  greatly 
inclined  strata  of  one,  and  the  nearly  vertical  strata  of  the  other." 

This  report  embraces  very  comprehensive  discussions  of  the 
"parallels  of  the  Kewatin,"  the  "possibility  of  rocks  younger  than 
the  Kewatin,  before  the  beginning  of  theTaoonic,"  the  "age  of  the 
Taconic  (Animike  Huronian),"  and  the  "age  of  the  Potsdam," 
alt  of  which  mast  be  consulted  in  arriving  at  an  adequate  esti- 
mate ot  aggregate  results  reached  by  the  author;  but  it  is 
neoessary  here  to  avoid  prolixity.  Among  "problems  that  need  fur- 
ther investigation,"  the  following  themes  aresuggested:  Eruptive 
and  sedimentary  Laurentian;  Fianesof  hydrothermal  fusion,  and 
their  relation  to  the  origin  oC  the  crystalline  rooks;  Date  of  up- 
heaval of  the  crystalline  sohists;  Nature  and  origin  of  jaspilyte; 
What  is  muscovado  rock  ? 

'fitpenltenlh  A  nnwif  Ittporl.  if (tinwiita,  p.  St.  l»W. 
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Toward  the  olcwe  of  the  Tdport,  the  foUowiiig  general  table  of 
MinneBota  rooks  ia  introdooed: 


Caloifebous.    Magneaian  limeatoDea  1 


[  Dikelooephalufl  horizon. 


Faradoxides  hormm. 


and  sandstoaee. 
St.  Cboix.    Sandatonee  and  ahalea. 

Overlap  unconformity,  i 

PoTSDAK.  Qaartzyte,  gabbro,  red  gran- 
ite and  Eeweenawan. 
Overlap  unconformity.  <    i 

TAOOKia     Black  and  gray  slates  and  1 

qoartzvtes,   iron  ore  (Haronian,  j-Olenellaa  horizon. 
Animike).  ) 

Overlap  unconformity. 
Ebvatin.     (loolading  the  Eawiehi'  ~ 
win  or  greenstone  belt,  with  its 
jaapilyte),  Serioitio  Bohista  and 
graywBokes. 
VEBMitioH.    (Oontohiobiug?)  crystal- 
line achiste. 
Eruptive  unconformity.^^^^^"^—^^^ 
liAOBBHTiAS.    Oneiss. 


Oabl  JRomingbb. 

Dr.  Bominger's  obBerrations  and  apeoalative  opinions  in  refer> 
enoe  to  the  older  rocka  are  embodied  in  a  state  report  apon  the 
Marquette  and  Menominee  iron  regions  of  the  Upper  Feninsola  of 
Michigan.*  Taking  np  first  the  Marqaette  iron  district,  he  con- 
ceives it  "  as  a  synclinal  troagh  of  granite,  which  by  the  npheaval 
of  its  northern  and  soathem  margins,  caused  the  inclosnre  of  the 
incnmbent  sedimentary  strata  between  its  walls,  and  their  simaU 
taneons  nplift  and  corragation  into  parallel  folds  by  the  lateral 
preeaare  everted  from  its  rising  and  approaching  edges"  (p.  4). 

Speaking  more  specifically,  he  says  of  the  two  series  hitherto  re- 
garded ae  Laarentian  and  Haronlan  : 

By  comparing  the  descriptions  cf  the  Laareiitian  formation  as 
developed  in  Canada,  with  the  granitic  expoenres  observable  in 
Michigan,  or  specially  in  the  Marqaette  distriot,  I  cannot  see  so 
strong  an  analogy  between  them  as  to  identify  them  without  hesi- 
tation ;  while  I  endorse  the  identification  of  the  other  gronp  of 
rocks  with  the  Huronian,  althoagh  they  differ  too,  in  some  degree" 
(p.  6).  "  I  declare  at  once  my  aerious  doabta  whether  the  granitea 
of  the  Marqnette  region  represent  the  Lanrentdan  senee  of  Eastern 
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Oanada,  which  I  have  neTer  had  an  opporttinity  to  study  in  the 
field,  bat  which  ie  represented  to  be  a  mach  older  formation,  pre- 
existing as  the  snrfsoe  rook  before  the  Haronian  sedimenia  began 
to  form,  while,  aooording  to  my  own  observations,  the  granites  of 
Marquette  are  emptiTe  masses,  which  oamn  to  the  sorfaoe  after 
the  Haronian  beds  were  already  formed." 

Befening  to  the  disoordances  between  these  two  systems,  tre- 
qaently  alleged  by  the  Canadian  geologists,  he  says  : 

"As  far  as  my  observatiops  go,  I  have  never  been  able  to  dis- 
ODver  any  positiva  proof  of  an  existing  disoordanoe." 

Farther,  in  reference  to  the  socceseional  and  strootaral  relatirais 
of  the  series,  he  continues : 

"By  their  eraption.fthe  granitic  rocks]  caused  not  only  the  great 
dislocations  of  the  Haronian  formation,  but  the  half  molten,  plastic 
granite  mass  induced  by  their  contact  with  the  Haronian  rook- 
beds,  also  tbeir  alteration  into  a  more  or  less  perfect  crystalline 
condition,  and  oommingled  with  them  bo  as  to  make  it  an  embaraes- 
ing  task  to  find  a  line  of  demarkation  between  the  intrnaiTe  and  the 
introded  rook-masses.  The  syenitio  and  gneissio  hornblende  rocka 
oonneoted  with  the  granite  differ  so  little  from  the  orystalline 
hornblende  rooks  of  the  Haronian  series,  that  I  lookat  them  merely 
as  differently  advanced  stages  in  the  transformation  of  the  same 
material.  Those  nearest  to  the  focus  of  altering  inflaenoes  are 
now  completely  transformed  and  restored  to  the  domain  oE  the  vol- 
canic nucleus ;  the  more  remote  strata  were  leas  changed,  and  re- 
tained distinct  marks  of  their  sedimentary  origin  ;  bat  if  this  view 
is  correct,  it  oannot  be  expected  to  find  traces  preserved  of  the  oon- 
formable  or  non-oonformable  deposition  of  the  Haronian  layers  on 
their  sabstratum"  (pp.  6,  7). 

He  diaaents  from  the  subdivisions  of  major  Brooks. 

"Beginning belowwith  hisgronps  from  I  to  Y,  he  never  made  an 
attempt  to  define  them.  *  *  As  to  groups  YII,  IX  and  XI,  oer 
tain  dioritio  oatcrops  are  designated  and  ooDsidered  to  be  regularly 
interstratified  layers  in  the  sedimentary  sucoeseion,  while  I  have 
full  reason  to  consider  them  as  intrnsive  masses,  belonging  to  a 
lower  horizon  of  the  Huronian  series,  which  by  volcanic  pressure 
have  been  forced  through  or  between  the  incumbent  rock-beda 
wherever  a  chance  for  it  was  offered,  and  consequently  are  found, 
one  time  in  contiguity  with  this,  another  time  with  another  stratum 
as  it  huppened  to  be  the  surface  rock  of  the  spot.  *  *  Groups 
XV  to  XX,  intended  to  comprise  a  yonnger  series  of  beds  developed 
in  the  western  part  of  the  Marquette  region,  are  anneceesarily 
multiplied  inte  vaguely  defined  subdivisions.     Major  Brooks  iden- 
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tified  strata  of  the  Menommee  river  district  as  repreBeDtatives  of 
Groopa  XV  to  XX  which,  Hthologically,  hare  no  aimilarity  with 
those  of  the  Marquette  district,  adding  stilt  more  to  the  confasion 
already  existiog."  Dr.  Hominger  arranges  the  Hnronian  series  in 
the  following  Bubdivisions  (p.  8). 
V]!.     Mioa  Schist  Gronp. 

V.     Arenaceons  Slate  Gronp. 
IV.    Iron  Gronp.  [Qnartzite  Group  (p.  71.)] 

III.     Qoartzite  Group.  [Iron  Group.] 

II.    Dioritic  Group. 

I.    Granitic  Group. 

The  Serpentine  group  is  separately  oousidered. 

Before  the  completion  of  his  report.  Dr.  Bominger  became  oon- 
vinoed  that  his  Iron  group  and  Quartzite  gronp  oogbt  to  exchange 
places,  as  shown  above  in  brackets. 

Besides  the  granitic  masses  bounding  the  Huronian  on  the  north 
and  south,  he  says: 

"Granites  are  also  found  interstraified  with  the  Hnronian 
schists." 

Of  the  character  of  the  granite  he  says: 

"They  are  usnally  middling  coarse  grained,  of  reddish  tints, 
often  composed  of  a  magma  of  incompletely  defined  crystals  im- 
l>edded  within  a  granular  interstitial  mass  rather  than  of  well- 
formed,  completely  defined  crystals;  its  fracture  is  therefore  rather 
generally  of  adnll  lustre.  *  *  The  micaceonsconstituentof  these 
granites,  where  it  does  enter  into  the  composition,  is  rarely  well 
crystallized  in  brightly  shining  larger  leaves,  although  it  occurs 
occasionally,  but  usnally  has  a  minutely  scaly  form  and  a  dark 
green  color  approaching  to  chlorite  by  gradations,  or  is  replaced 
by  hydromioaceouB,  fibrous,  granular  substance,  generally  called 
talcoee  from  its  soft  greasy  feel  and  its  lighter  color,  with  partial 
transparency  in  thin  seams"  (p.  15). 

In  describing  gneissoid  rocks  of  this  region  he  says: 

"This  stratified  bauded  rock,  in  contiguity  with  the  granite,  and 
alternating  with  it  in  parallel  belts,  often  becomes  completely  en- 
tangled with  it.  The  granitic  masses  intersect  the  gneissoid,  enter 
wedge  like  between  them  in  the  direction  of  the  lamination  or 
transversely,  inclosing  strips  of  the  gneissoid  ledges  between  the 
loops  of  the  anastomosing  granite  seams,  and,  moreover  frequently 
the  so  intermingled  masses  are  curved  into  the  most  curious  ooUa 
and  serpentine  flexions,  which  evinces  their  almost  plastic  condi- 
tion at  the  time  their  intermixture  took  place."  (pp.  16,  17.) 
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Passmg  to  the  consideration  of  the  Dioritio  group,  andrepeating 
bis conTiction  that  the  graniteB  are  the  newer,  he  Bays; 

"One  ma;  ask,  of  what  nature,  then,  was  the  aubstratum  on  which 
the  Hnronian  sediments  were  deposited?  I  answer:  Nothing 
contradicts  the  possibility  of  their  deposition  on  a  snrfaoe  of  granite 
already  formed;  it  is  even  probable  to  me  that  it  has  been  so;  bat, 
if  we  reflect  apon  the  high  degree  of  plasticity,  and  the  almost 
perfect  ligaetaction  which  the  concerned  rocks  aubaeqaently  under- 
went, and  upon  the  dialocative  forces  causing  the  softened,  and 
necessarily  by  this  softening  process,  considerably  altered,  masses 
to  intermingle  almost  chaotically,  we  can  no  more  wonder  that  the 
traces  of  the  originally  existing  former  relative  position  of  the 
rocks  among  themselves  are  greatly  obliterated.  The  records  of 
these  periods  in  the  history  of  the  earth's  crust,  when  oceanic  sed- 
iments commenced  to  form,  and  fell  back  again  within  the  grasp 
of  the  central  fire-fooas,  as  we  can  observe  it  in  this  case,  are 
wiped  out,  and  most  likely  all  our  efforts  to  ascertain  the  existing 
original  conformity  or  discordance  between  such  rocks  will  be  in 
vain"  (pp.22,  23). 

"The  rock  series  comprised  under  the  name  of  Diorite  Group  is 
made  np  by  a  large  spccession  ofschistosebedsofavery  uniform 
character,  which  are  interstratified  with  massive  belts  ot  diorite 
difFering  in  structure  from  the  minutely  granular,  alm(wt  aphanitic 
condition,  to  a  coarsely  crystalline  form,  and  being  in  chemical 
comixtsition  almost  identical  with  the  schistose  beds"  (p.  23). 

Certain  relations  of  the  diodtic  masses  and  contigaous  schists 
are  of  interest: 

"Often  we  see,  as  in  the  above  mentioned  instances,  the  schists 
adjoining  a  diorite  mass  completely  entangled  with  it,  in  a  mode 
which  proves  a  high  degree  of  plasticity  of  the  diorite  mass  at  the 
time  intermixture  took  place.  *  *  Although  the  general  char- 
Boter  of  this  large  series  of  rock-beds  is  very  uniform,  as  it  regards 
the  chemical  composition,  still,  an  endless  number  of  variations  in 
their  structure  is  produced  by  the  different  degrees  of  metamolrph- 
ism  to  which  these  once  indubitably  sedimentary  rock-beds  were 
Bobjeoted"  (p.  34). 

It  will  be  remembered  that  major  Brooke  had  admitted  the  ex- 
istence of  two  horizons  of  iron  ore.  This  was  because  at  Negaanee 
and  the  vicinity,  a  qnartzyte  was  found  in  a  relation  of  infraposi- 
tion  to  the  ore-bed,  while  in  most  of  the  mines  of  the  district,  a 
qnartzyte  was  seen  reposing  above  the  local  ore-bed.  These  phe- 
nomena were  supposed  to  indicate  the  existence  of  an  ore-bearing 
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faorizoa  above  the  qaartzyte  and  another  below  it.  Dr.  Bominger 
andertakea  to  prove  that  only  one  ore-horizon  exists,  and  that  the 
normal  position  of  the  qnartzyte  is  above.  Major  Brooks  was  also 
under  the  necessity  ot  asaaming  two  qnartzytes,  Nos.  XIV  and  T, 
the  latter,  or  Teal  lake  qnartzyte,  being,  according  to  Bominger, 
identical  with  the  former,  and  its  actnal  relative  position  being 
"the  result  of  an  overturn  of  the  strata."  (pp.  71,  72,  89.) 
Lithologically,  he  adds: 

"The  quartzites  covering  the  ore-bearing  ledges  are  compact, 
dark-colored  by  hsematitic  pigment  and  by  intermingled  grannies 
of  martite.  The  inferior  strata  are  almost  regnlarly  brecoiated  and 
intermingled  with  ore-fragments.  In  the  pits  of  the  Cleveland  mine, 
soath  of  the  Houghton  and  Ontonagon  Bailroad,  these  brecoiated 
qoartzites  are  immediately  anderlaid  by  a  fine  seam  ot  specolar  ore 
which  itself,  is  on  its  surface,  of  brecoiated  stmotare.  This  ore- 
bed  is  anderlaid  by  a  series  of  light  greenish  or  grayish  colored, 
silky-shining,  hydromioaceons  schists  impregnated  with  small 
martite  oryetols,  which  on  their  part,  repose  on  the  red,  jasper- 
banded  lean  ores  with  inclosed  seams  of  granular  and  slaty  specu- 
lar ore.  In  the  pits  north  of  the  railroad,  the  quartzite  is  generaUy 
underlaid  by  chloritio  schists  inclosing  locally  quite  large  octahed- 
rons of  martite.  Below  them  nsnally  follows  a  valuable  seam  of 
specular  ore,  schistose  ohioritic  beds  again,  and  then  mixed,  jasper- 
banded,  lean  ores,  with  other  interstratified  seams  of  ore,  partly  in 
the  granular  form,  partly  as  a  slate-ors;  low^t,  renting  on  dioritio 
schists  are,  in  the  New  York  mines,  fine-grained,  silky-shining, 
dark,  gray-colored  argillites,  charged  with  minute  granules  of 
martite  more  or  less  abundantly,"  (pp.  81-U2). 

The  '•  Arenaceoiia  Slate  Oroup"  of  Bominger  is  generally  in- 
cumbent on  the  qnartzyte  formation;  but  where  this  is  wanting,  it 
rests  on  the  iron  ore  formation;  and  if  this  also  is  absent,  it  rests 
directly  on  the  dioritic  series.  According  to  these  statements  a 
break  exists  between  the  epoch  of  the  qnartzyte  and  that  of  the 
Arenaoeoas  Slate  (Compare  also,  pp.  113, 114, 115.)  These  strata 
appear  sometimes  as  "a  thick  belt  of  black,  fine-grained,  slaty 
rock-beds,  iuterlaniinated  with  silicions  sandy  seams.  *  *  Next 
south  of  these  slates  are  high  walls  of  massive,  light  colored  quartz- 
ites in  direct  conformable  contact  with  them."  (p.  105). 

In  other  localities,  the  group  "oonsists  of  sandy,  somewhat 
.micaceous  flagstones,  or  of  finer-grained,  banded,  silicioue  rock- 
beds  all  more  or  less  impregnated  with  protoxide  of  iron  as  a  color- 
ing-matter, and  with  granules  of  magnetite,  (p.  108).  Elsewhere 
they  are  clay-slates  more  or  less  silicions,  (pp.  112,  113);  or  "bloe^ 
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magnetie  flags  interlsminated  with  slat;  and  arenaoeoiifl  seama," 
<p.  117). 

At  a  locality  in  the  valley  of  the  Carp  river  thU  series  has  "in 
part,  a  oonformable  northern  dip  with  the  qaartzitea,  but  frequently 
also,  a  Bonthem  dip  ia  observed;  though  the  direct  contact  of  the 
two  formations  "  is  concealed  by  Prift,  (p.  106). 

This  ArenaoeooB  Slate  groap  occnpies  the  sarfaoe  over  a  large 
area  on  the  north  oC  the  dioritio  belt  which  abate  on  lake  Superior 
at  Marquette;  and  over  uiother  area  on  the  soath  of  the  dioritic 
belt  It  is  believed  by  Dr.  Bomiuger  to  be  of  the  same  age  as  the 
alate  formation  in  the  district  of  L'Anse  and  Hnron  bay,  between 
Marqaette  and  Keweenaw  point.  *The  thickness  of  the  latter 
slates  "is  enormously  great"  In  color  they  range  from  dark  to 
blackish,  are  partly  hard  and  silicionB,  of  bedding  and  cleavage  too 
irregalar  for  roofing,  bat  are  also  in  part,  regalarly  laminated, 
cf  an  agreeable  black  color,  and  well  saited  for  roofing,  (vol.  iii,  p. 
163).  Locally,  however,  the  Hnron  slates  vary  to  "  whitish-gruy- 
jellow,  red  and  browo."  They  possess  all  degrees  of  hardoess. 
The  cleavage  appears  often  coincident  with  the  sedimentation,  bat 
where  the  colored  bands  are  preserved,  they  are  seen  to  make  an 
acate  angle  with  the  cleavage.  The  sedimentary  dip  is  northward. 
The  formation  presents  three  divisions:  An  upper  at  tighter 
colored,  variegated  slates;  a  middle,  of  alternating  slaty  and  arena- 
ceous beds,  with  interstratified,  larger,  compact  quartzyte  belts  of 
light  color  and  partly  blackish;  and  a  lower  division  embracing  the 
rooflng-slates,  (voL  iv,  p.  130).  The  middle  division  is  regarded 
as  equivalent  to  the  Arenaoeoas  Slate  group  of  the  Marquette  dis- 
trict It  is  likewise  an  instructive  coincidence  that  a  higher  hori- 
zon of  iron-ore  occurs  in  both  regions,  of  which  the  Taylor  mine 
is  an  example  in  the  L'Anse  district,  and  the  Northampton  and 
d'Alaby  mines  (north  of  the  Champion  mine)  are  examples  within 
the  Marqaette  district.  The  ore  oocars  above  the  black  slates, 
which  in  the  Marquette  district  are  graphitic.  These  ore  deposits 
are  regarded  as  contemporaneone  with  that  of  the  Commonwealth 
mine  in  Wisconsinf  (pp.  130,  222-227). 

The  rocks  of  the  Mica  Schist  gronp  of  Bominger  are  described 
as  "a  sub-poTOUB  ground-mass  of  very  minate  granules  of  white, 
tranalncid  quartz  in  intermixture  with  a  large  proportion  of  bright> 

■Dr.  RomlngeT'B  our] lent  ulKHSrVHtlonH  cm  tbu  L'Aniie  hIuMs  urc  found  in  Oeolog]/  of 
JtriChlfKin,  Tol.  It),  pp.  lae-iae.     HIh  later  tIowh  are  In  vol.  [v,  pp.  120-130. 

tTblals  tlie  viewot  major  Brookn.  reoorded  anW  p  ITl.  The  reader  canuot  tall 
to  oompare  tbe  description  ol  those  s1bI«b  and  their  acoompaainientH  of  quart z-sohlat 
snd  lion-ore.  with  the  published  descriptions  of  the  Aniniike  aerleii.  See.  especlall]', 
ante' pp.  ITS-IM.  For  farther  description  of  tbeCunimoDwealthnilncseeO.E.  WHght, 
^Itoloovf  tritcmatfi,  vol.  Ill,  pp.  STS.-^Bl.    Com  pa  re  also.  Eagle  mine.  WlacoDBln. 
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ly  gliBte&iog  black  micB  Aoalea,  and  oot  rarely  slso,  witli  chlorite" 
{p.  131). 

The  mica  is  BometimeB  eilTery,  and  the  ecbists  are  interlamiuated 
with  large  belts  of  a  more  compact,  minntely  granular,  aab-poroiu 
quartz  rock,  not  bo  riob  in  the  micaceooB  oonBtitaent,  bat  often 
mingled  with  onrred  greenieh  orystalB  of  aotinolite.*  In  some  oob- 
ditiona  this  formation  reveals  a  distinct  sedimentary  atriation  (pp. 
132, 133). 

Dr.  Bominger  ia  not  able  to  reaoh  a  eatisfactory  Bolntion  of  the 
genesis  of  the  Serpentice  groap. 

"  The  hypothesis  that  the  Serpentine  formation  is  the  prodact  of 
local  metamorphic  inflaenoes  on  the  dioriiic  series  [by  which  it  is 
snrronuded],  ia  very  improbable,  as  the  lithological  character  of 
the  two  contigaons  rock-speciea  changes  abruptly ."  "  The  rocks 
oconr  generally  in  bulky,  non-stratified  masses  which,  if  they  ever 
originated  from  mechanical  sedimentary  deposits,  are  by  chemical 
action  so  completely  transformed  as  to  efface  all  traces  of  their 
former  detrital  strnctare.  They  resemble  a  volcanic  eruptive  rock, 
forced  to  the  surface  in  a  soft  plastic  condition  ;  and  most  likely 
heat  was  one  of  the  prime  agents  in  their  formation,  or  else  trans- 
formation in  combination  with  aqneons  vapors — which  is  suggested 
by  the  hydrated  composition  of  the  serpentine"  (p.  135). 

A  stady  of  the  Menominee  iron  district  led  to  the  determination 
of  thd  fuUowing  groups  of  rooka  (p.  182). 

III.     Lake  Hanhury  Slate  Group.    Dark-gray,  slaty  or  schistose 
beds,  with  interlaminated  quarlzoae  belta.    Thickness  over 
2,000  feet. 
II.     Quinneaec  Ore  Farmalion.    In  the  upper  part^  light  red, 
whitish  or  gray,  hydromioaceons  and  argillitic  strata.    Ia 
the   lower  part,   silicioas  beds  richly  impregnated  with 
iron  oxide  in  the  amorphous,  hiematitic  condition,  or  ia 
the  crystalline  form  of  martite,  with  metallic  lustre,  and 
inclosing    beds  almost  exclusively  of  martite   granules. 
The  valuable  ore  deposits.     1,000  feet. 
I.     fforway  Limestone  Sell.     Light-colored  guartzyte  and  sili- 
cioas limestone,  nsually  in  part  of  a  brecciated  strnctare. 
1,000  feet. 
The  rocks  along  the  Menominee  river  are  regarded  as  eqnivs- 
lents  of  the  Diorite  Groap  of  the  Marquette  district,  and  decidedly 
not  representatives  of  Nos.  XV-XX  of  major  Brooks. 


■Eildently  IIiIhIb  nol  a  proper  ''nilruBcblat."  but  rather  a  mleaoeous  guartifteori 
inlcaewjiis  iiuarlnsi-hlHt.  It  can  soarcply  heiiirapared  with  the  "teniler"  mkn  whWf 
ii(  IluiirH  MoDtnlbHn.  Ibimgh  thpbiirlioii  tn  iienrly  croliirldi-nl. 
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Id  general,  the  compsrisoii  of  the  Marqaette  and  Menominee 
diBtrictB,  in  epite  of  Dr.  Bominger's  deprecation  of  tabular  paral- 
leU,  may  be  beet  shown  by  the  following  table  (pp.  240-241): 


Mabqukite. 

MEHOMIirei. 

Ore  deposlta  of  ibe  Taylor,  S,  C.  # 
Smith,    d'Alaby    aod    Northam- 

1  ConiBKin wealth  and  reloMd  orea. 

Actlnollt«  twhists  above   qusrti- 

1  ActlnollteschlatA. 

IV. 

1  Qu»rUrt«  Group  (Teal  lake). 

iQuartirteotSCurfeonrlverrftllB. 

m. 

j  Iron  Oronp. 

]  Qulnneseo  Iron  range. 

II. 

1  Dlorltlc  Qroup. 

!  KsriShTrrpSn^xiE"'" 

Roland  Doer  Ibving. 

1877.  In  his  annual  report  for  1874,  made  to  Dr.  1.  A.  Lapham, 
state  geologist  of  Wisoonsin,*  the  "Copper-bearing  Itoots"  were 
made  by  professor  Irving,  a  distinct  division  in  the  geology  of  the 
northern  part  of  the  state,  holding  a  position  between  the  Horon- 
ian  and  the  Potsdam  sandstone.  He  showed  also  the  existence  of  a 
flynclinat  axis  in  Wisoonsin,  in  continuation  of  the  great  tron^ 
between  Keweenaw  point  and  He  Boyale-f  Be  held,  first,  that  the 
beds  of  the  Copper-bearing  series  and  those  of  the  Haronian  were 
once  spread  horizontally  over  one  another,  inelading  the  whole 
series  of  tilted  sandstones  on  the  Montreal  river;  they  were  dis- 
tnrbed  by  the  same  force,  and  receiving  their  present  tilted  posi- 
tions at  the  same  time,  as  evinced  by  the  entire  oonformability  of 
the  two  series.  Second.  The  horizontal  sandstones  of  the  Apostle 
islands  and  the  west  side  of  lake  Superior  were  laid  down  snbse- 
qneutly,  and  after  an  immense  amount  of  erosion;  and  the  sand- 
stones of  eastern  lake  Superior  were  formed  at  the  same  time. 
Third.  The  Copper-bearing  rooks  should  rather  be  classed  with 
the  Arcbtean  than  wiUt  the  Silorian. 

The  Barsboo  and  related  qaartzyte  masses  l]dng  in  Wisconsin, 
many  miles  south  oE  the  principal  Archaaan  area,  have  been  differ- 
ently viewed  by  different  geol<^;iBts,  some  regarding  them  as  of 
Haronian  age,J  and  others,  as  the  representatives  of  the  Potsdam 
8sndstone,g — the  Wisconsin  sandstone  so  described,  pertaining  as 

•OecXomti/  Wiaamttn.  Surrey  at  18T3-1ST7,  vol.  tl.  p.  47,  ISTT, 

«Tbla  TieiT  iras  earlier  set  forth  In  Amer.  Jour.  Set.,  HI,  vili,  U-SS,  ISTt. 

a.  Rali.Oeolom  of  WinconHn,  186;  IrvInK.  Amur.  Jour.  Stl..  ITI.  111,98-901  Qcatow<tf 
»'f«Mn«tn,I1,NM-«M;Cha>nberllD.  Geol.  W1».  ll.iM-3K. 

IPerolval.  Annual  RcpurtSoiL  Sure.  ITli..  18S6.  p.  101 :  A.  Wlnohell.  .dnur.  Jour.  8ei..II 
xniTll,  SSS;  J.  H.  Baton,  Wiaeon.  Aead.  Set.,  Feb.  1871. 
-)4 
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they  think,  to  a  higher  horizon.  Profewor  Irring,  as  early  as  1871, 
annoanoed  his  ooavictioii  of  their  Haroniaii  age;  and  in  the  Wis- 
consin report,  he  worked  out  the  evidences  with  fallness.  The 
qaartzytesaredifferentiated  fromthecontiguonsBandBtonebylitlio- 
lof^oal  eharaoters  and  abmpt  atrnctaral  aaconfor inability;  and  the 
only  weakness  in  professor  Irrioff'^MBition  is  the  lack  of  fall  proof 
that  the  sandstone  is  the  true  eqaivuent  of  the  Potsdam.* 

1S80.  The  third  Tolnme  of  the  geology  of  Wisconsin  reveals  hia 
masterly  graep  of  the  geological  strnctare  of  northern  Wisconsin, 
and  of  the  geDeeis  and  history  of  the  rocks  which  underlie  the  region. 
Here  are  presented  in  bold  and  confident  outline,  those  interpreta- 
tions, bordering  sometimes  on  speculation,  which  characterized 
the  leading  discossiona  which  oooapied  him  until  removed  by  an 
early  death.  His  writings  are  ao  voluminous,  however,  that  it  will 
not  be  practicable  to  do  more  than  set  forth  hie  poaitioos  on  some 
of  the  great  queations  with  which  he  grappled. 

In  reference  to  the  nature  and  origin  of  the  Laarentian  rocks, 
which  he  folly  parallelized  with  the  Canadian  Laurentian  (iii,  5), 
we  find  him  using  the  following  language: 

"The  prevailing  rook  along  the  northern  border[of  the  northern 
mass]  is  a  dark  gray  to  black  hornblende  gneiss,  in  which  the  horn- 
blende has  Qsnally  been  more  or  less  altered  to  chlorite.  This 
alteration,  when  carried  to  any  considerable  extent,  ffivea  a  greenish 
tinge  and  greasy  feeling  to  the  rook,  and  in  cases  of  extreme  alter- 
ation, there  is  a  passage  to  a  green  chloritic  schist.  The  associated 
granites  are  Qsaally  light  pinkish-tinted  to  gray,  and  highly 
qnartzose,  a  frequent  gneissoid  tendency  showing  their  sediment- 
ary nature,"  (iii,  6). 

"  The  hornblende  gneiss  is  always  very  plainly  laminated,  fre- 
quently highly  sohiatose  and  the  whole  internal  structure  of  the 
rook,  as  seen  under  the  microscope,  shows  conclasively  ito  original 
clastic  condition.  The  granites  are  generally  without  such  distinct 
bedding  but  appear  nevertheless,  to  be  true  metamorphic  granite. 
No  eruptive  granite,  recc^nizable  as  such,  has  been  observed.  It  is 
not  possible,  without  overstepping  the  limits  of  our  diatriot,  to 
reach  any  important  generalizations  with  regard  to  the  Laurentian 
series  It  is  evident  enough  that  the  rocks  are  of  a  true  sediment- 
ary origin,  and  that  they  have  been  folded  in  an  exceedingly  intri- 
cate manner,"  (iii,  93). 

In  still  another  place,  professor  Irving  records  views  in  this  con- 
nection, which  possess  ioterest: 

jnt«a(«d  In  writings  by  N.   H.  WInobell. 
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"  The  term  igneona,  as  used  by  Mr.  Wright,  who  Beems  also  to 
hold  to  the  unwarrantable  theory  that  the  original  rook  of  the 
earth's  first  formed  cmat  wonld  be  granite,  is  one  not  applicable  to 
any  granites,  sinoe  even  in  the  oaae  of  the  exotia  kinds,  the  relatitm 
of  the  oonstitnent  minerals  dieproTes  a  tme  iKneoas  origin.  The 
qaartz  of  granite  is  alvays  the  last  formed  mineral,  irhereas,  from 
its  infuaibility,  it  would  certainly  be  the  first  to  form  in  cooling 
from  a  state  of  fluidity.  All  the  tacts  go  to  show  that  the  iatrasive 
granites  are  but  sediments  softened  by  what  has  been  termed 
aqneo-igueoiiB  fasion,  to  a  degree  of  plasticity  saffioiest  to  allow  of 
their  penetrating  fissares  in  the  adjacent  formations.  The  intra- 
sive  or  exotic  granites  and  the  metamorphio  or  indigenons  granites 
have  thas  had  abont  the  same  origin,  and  there  are  do  lithologioal 
charaoteristios  whatever,  either  miorosoropio  or  maorosoopio,  by 
which  ve  can  distiogaish  them  in  specimens,"  (iii,  p.  191,  note). 

At  a  later  date,  professor  Irring  recorded  his  viewe  as  follows: 

"  This  stratificatiou  [of  gneiss],  or  parallel  arrangeroent  of  its 
ingredients,  is  commonly  believed  to  have  been  caused  by  the  pro- 
cess of  sedimentation,  the  crystalline  textnre  now  shown  by  the 
gneiss  and  all  other  crystalline  schists  being  regarded  as  the  resnlt 
of  a  peculiar  process  of  molecular  arrangement  known  to  geologists 
as  '  metamorphism.'  While  it  seems  very  probable  that  thwa  is  a 
great  deal  of  truth  in  this  view,  the  theories  of  metamorphism  as 
they  now  stand,  are  very  nnsatiafactory.  Many  rooks  wUoh  have 
beoi  called  metamorpbio  are  plainly  of  an  eruptive  origin,  and  it 
seems  not  improbable  that  the  same  origin  is  to  be  attributed  to 
some  rooks  with  a  strongly  developed  schistose  structure.''  * 

Of  the  Huronian  system  he  remarks: 

"  Lying  immediately  against  the  Lanrentian,  and  very  sharply 
defined  from  it,  we  find,  extending  from  the  Montreal  river  west- 
ward for  fifty  miles,  to  lake  Numakagon,  a  belt  of  sohietose  rooks 
which  we  refer  unhesitatingly  to  the  Canadian  Huronian,  and 
which  are  beyond  quration,  the  direct  westward  extension  of  the 
iron-bearing  series  of  the  Upper  Peninsula  of  Michigan,"  (iii,  6). 

The  subdivisions  of  this  belt  are  recognized  as  follows,  (iii,  6): 

5.  Medium-grained  to  aphanitdo,  dark  gray  mioa  schists,  with 
coarse  intrusive  granite.     7,985  feet. 

4.  Alternations  of  black  mioa  slate  with  dioryte  and  schistose 
quartzytes,  and  nnfilled  gaps.    3,495  feet 

3.  Tremolitic  magnetite  schists,  magnetitic  and  speoular  quartz- 
ytes  —  forming  the  Penokee  Iron  range.     780  feet. 
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2.  Strftv-oolored  to  grt^nisb  qoartz-Bchist,  and  aigillitia  miea 
Bobifit,  often  novaonlyta    410  feet. 

1.  Oryetalline  tremolitic  limestone,  st  times  oTerlud  by  a  band 
of  white  arenaeeoQS  qnartzyte,  and  at  times  absent,  the 
next  formation  above  them  ooming  into  contact  with  the 
Lsarentian.     130  feet. 

Ab  the  identification  of  the  Fenokee  eeriee  with  the  Horooiau  is 
fitill  a  subject  of  debate,  professor  Irving's  affirmative  reasons 
possess  interest : 

(1).  There  appears  to  be  a  direct  oontiDuation  with  the  iroD- 
bearing  system  of  the  Marqnette  region  of  Micbif^n  ;  (2).  The 
grand  sabdivisions  of  the  Bad  river  [Fenokee]  and  Marqaette  sys- 
tems are  strikingly  similar;*  (3).  The  Bad  river  and  Marqnette 
eystems  both  show  the  same  relation  to  the  Laorentian  and  Ee- 
weenavan  systems  as  fonnd  in  the  Horonian  of  Canada  ;  i.  e.  are 
newer  than  the  former  and  older  than  the  latter  ;  (4).  The  Mar- 
qnette system  is  toond  in  nnoonformable  contact  with  the  Lower 
Silorian  red  sandstone  of  lake  Saperior,  and  also  in  the  Menomi- 
nee r^i^OD,  is  also  fonnd  in  nnoonformable  oontaot  with  the  fossil- 
iferoos  Primordial  sandstones  of  the  Mississippi  valley  (iii,  p.  7).t 

The  boldest  featore  of  the  views  promulgated  at  this  time,  was 
the  oharaoterization  of  the  "  Keweenawan  System,"  a  step  fore- 
shadowed in  1877,  and  evidently  meditated  eiooe  1874.  This 
widely  extended  Miohigan-Wisoonsin  syetem  is  thns  described  : 

"  It  is  a  distinctly  stratified  system,  bnt  is  in  large  measure  made 
np  of  emptiTe  rocks  in  the  form  of  great  flows.  These  appear  to 
oonstitnte  in  Wisconsin,  the  lower  ten  thonsand  to  thirty  thousand 
feet  of  the  system,  apparently  withont  interstratified  detrital  beds. 
Above  these,  we  find  the  detrital  beds  increasing  in  frequency, 
nntil  they  seem  to  exolade  the  igneous  rocks  altogether ;  the  npper 
portions  for  some  fifteen  thoneand  feet,  iieing  apparently  com- 
posed wholly  of  sandstone  and  shale,  with  a  heavy  mass  of  oon- 
glomerate  at  base  "  (iii,  7). 

These  rocks  in  northern  Wisconsin,  form  a  tme  synclinal  de- 
pression, and  the  Cheqnamegon  bay  lies  within  it,  bat  crowded 
over  to  the  northern  side.  The  eraptive  rocks  of  the  system  are 
chiefly  of  the  angite-plagioolase  kind— hornblende  when  occasion* 

■The  Btntlgrapb;  of  the  Penobee  Bangs  Is  given  In  Amtr.  Jour.  Sd.  Ill,  xrll,pp. 
aU-tda  Koa  OtOLoJ  Wi»..  lll,  p  UO.  table,  and  Id  full  detail  In  tbe  same  volume,  pp.  lOt-UL 
On  Uie  "  Ulca  Sohlsta  and  Black  slatsB."  see  Van  Hlse,  Amw.  Jaar.  Sel..  III.  xxzl.  <Gt- 
iat.net.  On  the'-IroDOre£"oftheserlcis,8ee  Van  Hlra.  ^nur.  Jour.  S<H.,  III.  iiivll 
3l-«,lBae.'  On  thelr"Orlgln"(«eIrvliiit.Xmcr.  Jour.  Scl.  IIT.ixxIl    3SS-3T3,  IBM. 

n'hla  Identification  had  been  announced  prevloiuly  by  Irving  In  Anwr.  Jour.  SeL.  m. 
ivil.  aO-aaS,  UTB.  Farthetonth«"DlrUlbtlItyof  the  Arrhirnn  In  the  XorlbH.-it.- sw 
Irrtng.  Amer.  Jour.  Srt..  TIT.  xili.  ?r-?4'.  I--^. 
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ally  ooaaniDg,  being  always  a  paramorphio  prodnot  of  the  aogite. 
Theee  eraptiTes,  therefore  present  a  marked  distinction  from  the 
.  horDblende-beaiing  ernptives  of  the  Haronian  ;  and  belong  to  the 
BoBenbnaohian  oategorieB,  diabase,  melaphyr  and  gabbro.  The 
diabsBee,  which  are  far  the  most  aboadant,  occur  in  diatinot  beds 
of  overflow,  each  of  which  (as  first  pointed  oat  by  Fampelly  and 
Hairine)  is  amygdaloidal  above,  and  massive,  often  oolnmnar  be- 
low, with  an  interiqediate  zone,  which  Fampelly  designated 
"paeado-amygdaloidal."  The  gabbros  are  coarse  grained,  and  two 
varietieB  are  distingabhed,  the  most  common  being  light  to  dark  ' 
gray  and  perfectly  crystalline,  and  the  other  being  red  and  block 
mottled,  or  red  and  gray  mottled,  with  some  of  the  crystals  dolled 
in  appearanee,  or  red-etained  by  iron  infiltration  (iii,  10).* 

1883.  In  the  progress  of  these  stodies,  professor  Irving  devoted 
much  attention  to  the  enbjecte  of  paramorphio  changes  and  sec- 
ondary enlargements  in  the  mineral  constitaents  of  rooks ;  and 
while  not  by  any  means  the  first  to  bring  these  facts  to  light,  he 
was  foremost  in  extending  oar  knowledge  of  them,  and  in  illostrat- 
ing  their  importance  in  the  history  of  the  rooks.  He  allades  to 
the  fact  that  most  of  the  older,  dark  basic,  massive  rocks  have  bean 
called  diorytes,  beoaase  hornblende  is  joined  in  them  with  a  tri- 
olinio  feldspar,  while  aogite  seldom  ooonpies  the  same  place.  Bat 
he  says: 

"  Precisely  the  reverse  of  this  is  the  ease,  the  diabases,  in  fact, 
being  the  oommon  kinds,  while  diorites  are  everywhere  rare. 
Moreover,  in  many  diorites  entitled  to  be  so  called  by  their  content 
of  hornblende  as  a  chief  constitaent,  this  mineral  has  been  proved 
to  be  merely  a  secondary  transformation  of  at^te,  remnants  of 
which  are  here  and  there  to  be  seen  in  little  cores."  f 

This,  he  says,  is  tme  of  all  the  diorytes  which  he  had  stadied  in 
this  section,  and  he  entertained  little  doabt  that  the  same  wqald 
be  foand  troe  of  the  diorytes  described  by  Wiohmann  from  the 
Menominee  region.  Hence  he  oonclades  that  no  dtory  te  as  an  orig- 
inal rock,  has  been  found  in  Wisconsin.^ 

The  work  on  the  Wisconsin  surrey  having  closed,  professor  Irv- 
ing entered  upon  a  great  andertaking,  ander  the  auspices  of  the 
United  States  Geological  Sarvey,  This  was  the  preparation  of  "  a 
memoir  aiming  at  a  general  exiposition  of  the  natare,  strnotare  and 

*Thla  aeries  of  beds  bad  in  197^  been  named  "KcwueiiaH  Group."  Sy  T.  8,  E 
Amer.  fnst.  Mtntng  Eno..  1.  :ai-342) ;   and  lu  ISTS.  '■ 
"Keweoatttn."  the  more  euphonious  form  of  thonni 
Annual  Oxord,  1876).    See  QfA.  Wit.,  Ill,  860.    Rum 
mains  "  Kowenlan."  the  best  form  of  all. 
*Qttil-tni  0/  ITtoctmrtn,  vol.  1,  p.  345,  1883. 
tWhiLt  1b  trne  in  WlscanBln  Is  ver;  likely  to  lie  ti 
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extent  of  the  series  of  rooks  Id  which  oocarB  the  well-known  natiTe 
oopper  of  lake  Baperior."  The  tranemiBBioo  of  this  memoir  bears 
date  October  25,  1881,  bot  the  title  page  is  dated  1883.* 

Thie  remarkable  work  is  an  ampliJSoation  of  views,  and  BtreDgth- 
ening  of  positioiiB  relating  to  a  newly  recognized  geological  system 
which  in  the  Wisconsin  report  had  been  defined  as  Eeweenawao-t 
It  is  not  intended  to  give  any  synopsis  of  this  volame,  nor  to  point 
ont  the  excellencies  of  the  treatment;  bnt  a  few  of  its  more  import- 
ant positions  will  be  stated. 

The  Lower  Qronp  of  the  Upper  Oopper-beariag  series  of  Logan 
— ^the  "  Animike"  of  Hont — is  exoladed  from  the  system;  but  the 
white  and  red  dolomitio  sandstones,  in  the  peninsula  between 
Black  and  Thunder  bays,  and  thenoe  to  lake  Mipigon,  ore  included. 
The  horizontal  sandstones  which  form  the  south  shore  east  of  Bete- 
Qrise  bay  on  Keweenaw  point,  and  westward  from  Clinton  point, 
Wisconsin,  are  also  included.  The  system,  then,  "consists  of  the 
eucoession  of  interbedded  traps,  amygdaloids,  felsitio  porphyries 
porphyry-oonglomeratea  and  sandstones,  and  the  oonformably  over- 
lying thick  sandstone,  as  typically  developed  in  the  region  of 
Eeweenaw  point  and  Portage  lake,  on  the  south  shore  of  lake 
Superior,"  (pp.  24.  385). 

The  volcanic  theory  of  the  origin  of  pebbles  forming  the  con- 
glomeritic  beds  is  combatted.  This  theory  had  been  promulgated 
by  Houghton  in  1841,  and  Foster  and  Whitney,  in  1850  and  1864^ 
The  system  is  demonstrated  to  be  unconformable  with  the  Hnronian 
below  and  the  Silurian  above. 

The  possibility  of  a  sedimentary  origin  for  any  of  the  stratified 
semi-amygdaloids§  of  the  Agate  Bay  group  of  beds  is  "  absolutely 
excluded  by  the  completely  'crystalline  interior  texture,  the  highly 
vesicular  character,  the  presence  of  nnindividualized  magma,  the 
miorosoopio  flowage  structure,  and  the  gradoation  of  each  bed 
downward  into  vertically  columnar,  non-veaxoolar  olivine-diabasei 

'U.S.  QtoloataU  Suratti,  Clarence  King,  DlreoKir.  "Tbe  Copper-betuing  Books  of 
I.ake  Superior,"  4to,  pp.  IM,  wltb  maps  aod  cuts.  1S88.  [Being  MUDOKnph  V.]  A  full 
dlgMt  of  tbiB  raemolr  Is  cootalaed  in  the  ITiinl 'timuoJ  Report  of  the  U.  S.  Oeol.  Snrr. 
pp.SS-lH.  BunMnNo.23.  U.S.  &«al.  aurv. ,  188S.  pp.  121,  by  K.  D.  Irving  and  T.  C.  Cham- 
berlln,  li  an  Important  supplement  to  this  memoir. 

fTbU  STBtem  U  set  torth  In  an  elementary  wa;  Hultable  for  the  general  reftder,  bj 
T.  O.  ObHmberlln,  [n  the  first  volume  ot  the  ITlwanifn  Report,  pp.  W-US,  1883. 

tWadswortb  also  states  that  Faster  and  Whitney  "  remain  the  best  and  moat  accor- 
ate  exponents  of  the  geology  of  the  country."  (Bull.  Hut.  Camp.  ZooL,  tII  Otol.  8a..  I. 
pp.  IS,  131];  and  would  thus  seem  to  approve  tbU  leading  posltloni  yet,  without  noting 
his  divergence  from  them,  he  says:  "These  canglomeratea  and  BandsUines  show  by 
the  rounded  and  water-wom  chikracter  of  their  constituent  pebbles  and  grains,  Uiat 
Uiey  are  beach  deposits,"  (Id,,  p.  US). 

INotloed  by  N.  H.  Wlnchetl,  anU,  p.  ITT,  and  called  by  Norwood.  " metaraorphlc 
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(pp.  138,  287)*.  The  forms  of  the  "Sawteeth  moantaiiiB"  he 
tetnseB  to  attribate  to  tanltiog,  and  aays: 

"  The  case  ia  jnst  saoh  as  ia  found  in  erery  region  of  flat-dipping, 
hard  rocka,  and  eapecially  where  softer  layers  are  interbedded,  as 
in  this  ease,"  (p.  142). 

He  regards  the  dikes  aeen  along  the  Minnesota  shore  as  sooroee 
of  the  flows  of  the  lake  basin  ;  and  ant^^nizes  Dr.  Belwyn's  sag- 
gestion  of  aotirity  through  a  single  vent  (p.  141).  The  "Palisade 
rock,"  he  says,  "is  shown  under  the  microsoope,  to  be  a  qnarts-por- 
phyry,  with  no  traces  of  a  clastic  nature  (p.  187).  The  central 
mass  of  the  Porcupine  mountains  is  a  qaartzose  porphyry  nnqnes- 
tionably  eraptiTe.  Their  stmotnre  has  so  maoh  in  common  with 
that  of  the  laooolitic  monntaioa  in  southern  Utah,  that  they  might 
be  supposed  to  owe  their  existeuoe  to  an  eruption  of  the  porphyry 
of  their .  central  portions.  *  *  But  these  monntains,  he  con- 
dades,  "owe  their  existence,  in  all  probability,  to  a  fold,  the  por- 
phyry of  the  central  portions  being  one  of  the  usual  embedded 
masses  laid  bare  by  subsequent  denudation"  (pp.  15(}'l).t  He 
takes  the  position,  and  repeats  it  many  times,  that  the  so^alled 
Animike  slates  are  "  beyond  qaestion,  the  equiralents  of  the  iron- 
bearing  Horonian  of  the  south  shore"  (p.  167). 

Of  the  "red  rocks"  so  largely  associated  with  the  gabbio  of 
Dulnth,  he  says: 

"  They  lie  in  it  very  irregolarly,  and  form  uothing  like  distinct 
belts,  so  far  as  I  could  make  out.  They  may  be  seen  in  great 
patches  hundreds  of  feet  square,  and  sorrounded  on  all  sides  by 
the  gabbro,  and  again,  as  at  the  quarry  near  Bice's  Point,  in  ir- 
regular series,  from  two  or  three  inches  to  several  feet  in  width. 
Much  the  most  abundant  kind  of  these  red  rooks  is  one  which  pre- 
sents maorosoopioally  a  wholly  crystalline  texture  and  a  pinkish 
color  mottled  with  green.  Pink  feldspar  faoets,  now  and  then  stria- 
ted, qaartz,  and  a  greenish  mineral,  may  all  be  made  oat  with  the 
naked  eye.  Under  the  miorosoope,  the  rock  is  seen  to  be  chiefly 
composed  of  reddened  orthoolase ;  greenish  hornblende,  qaartz  and 
magnetite  are  also  present.  The  quartz  occurs  both  in  quite  large 
patches,  and  again  in  little  strings  running  through  and  throng 
the  feldspars,  in  the  osaal  manner  of  secondary  quartz.  A  number 
of  these  small  patches  of  quartz  lying  near  each  other  will  polarize 
tc^Eether,  showing  that  they  are  part  of  one  individual.  Moreover, 
the  same  is  true  of  the  lai^er  quartz  areas,  and  nombers  of  small 

■Od  a  priori  grounds,  oua  might  expect  anlndlvlduallEed  macmft  to  remBlD  In  udl- 
mentar;  rnckoavben  not  oonipletel;  changed.     . 
tSee  de(&llrd  dewrlptlnn,  pp.  3»-3Sa. 
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partioleB  lying  near  them,  so  th&t  all  of  the  qnartz  is  oonaidflred  b> 

be  secoDdary.  This  seoondary  qaartz  is  freqoently  scattered 
thronf^  the  feldspars  in  snob  a  manner  as  to  present  the  sppear 
KDoe  of  graphic  granite,  and  again  it  is  arranged  in  irregularly 
radiating  lines.  Ohlorite  is  often  present  as  an  alteration  product 
of  both  feldspars  and  hornblende.  No  base  finer  than  the  rest  of 
the  rock  was  observed,  so  that  the  name  should  apparently  be 
syenite"  (gp.  370-1).. 

Another  variety  of  the  "red  rock"  is  described  as  tme  granitic 
porphyry.  A  rarer  variety  is  a  f  elsitic  porphyry.  These  are  all 
r^arded  as  phasee  of  the  same  rock. 

I  In  describing  the  Animike  rocks  in  the  vicinity  of  Thunder  bay, 
lake  Superior,  he  sams  np  by  saying  that  they  "  oonaist  ot  a  great 
series,  probably  upwards  of  ten  thonsaod  feet  in  thickness,  of 
qoaitzites  which  are  often  arenoceoas,  qnart^-slstes,  argillaceous  or 
clay  slates,  magnetic  quartzites  and  sandstones,  thin  limestone 
beds,  and  beds  of  a  oherty  and  jaspery  material,"  (p.  379).  He 
says  also: 

"  Lc^an  moreover,  evidently  took  as  Haronian,  that  part  of  the 
Animike  gronp  which  'occupies  the  coast  for  a  distance  of  ten 
miles  immediately  below  the  month  of  the  Kamanistiquia  river, 
on  the  north  side,  leaning  in  a  narrow  strip,  against  the  gneiss  of 
the  older  series,'"  (p.  379). 

The  Animike  rocks  are  confidently  identified  with  the  rooks  of 
the  Penokee  Range;  bat  these  latter,  as  hss  been  stated,  were  with 
equal  confidence  identified  with  those  of  the  iron-bearing  series  of 
Marquette.  The  Animike  most  therefore  be  the  equivalent  of  the 
Marquette  rocks.  Bnt  Irving  endeavored  to  trace  some  positive 
rraemblances  between  the  Animike  and  the  rocks  of  Uarquette; 
but  without  very  convincing  results,  (pp.  386-6). 

At  this  point  the  able  author  ie  seen  to  be  on  the  brink  ot  a 
broad  fallacious  inference.  He  takes  np  the  consideration  of  the 
"Original  Hnronian,"  and  correctly  oonclades: 

"  It  appears  to  me  very  probable  that  the  original  Huronian  of 
lake  Huron  and  the  Animike  elates  of  Thunder  bay,  and  thence 
southwestward  to  the  Miseieuippi  river,  are  one  and  the  same 
formation,"  {p.  390). 

This  was  the  opinion  first  entertained  by  Logan;*  bnt  he  snbse- 
qnently  associated  those  elates  with  the  overlying  Keweenawan. 
Then,  as  there  was  a  lower,  nnconformable  mass  of  slate  conglom- 
erates, he  concluded  to  call  those  Huronian.  Irving,  however, 
while  still  holding  to  the  Hnronian  character  ot  the  Animike, 
•Bepotf  of  Progrm.  Otot.  Stim.  of  CanaOa.  1H44,  ]>.  20, 
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seentB  to  have  disregftrded  the  Tertioal  alate  oocglomerntea,  appar- 
ently becaoBe  they  gredaate  conformably  into  the  cryetfJline 
sohiBts  and  gneisscw,  and  might  be  taken  for  a  portion  of  that  aerira 
— an  nnoonformability  between  two  syetems  sapposed  Horonian 
and  Lanrentian,  haring  been  noted  at  Fenokee  gap.  Thos  Irving 
held  as  Hnronian  what  Lc^an  held  aa  a  part  of  the  Copper>bearti^ 
aeriea;  and  Logan  oame  to  hold  aa  Horonian  what  Irving  took  aa 
part  of  the  crystalline  Bohiat  aeries.  Bat  when  Logan  based  his 
description  on  what  he  now  held  to  be  Horonian  and  Irving  over- 
looked, Irving  thought  them  to  apply  to  the  iron  series  of  Yermil- 
ioD  lake  (as  they  readily  did),  and  conoladed  that  to  be  Hnronian, 
thoogb  in  troth  the  rooks  graduated  into  the  orystsIUne  schists, 
while  what  he  bad  rightly  identified  with  Huronian  on  Thonder 
bay,  was  really  an  overlying  and  discordant  serisB.  Bat  that  dis- 
cordance Irving  bad  not  yet  discovered  at  any  actnal  joxtaposition, 
and  he  devoted  mooh  effort  to  showing  how  two  different  forma- 
taoDB  of  different  dip  and  strike,  might,  at  some  former  time,  have 
approached  each  other  with  a  common  dip  and  strike,  (pp.  392-4). 
In  this  state  of  the  facts  professor  Irving  (aeUhioiBelf  in  a  dilemma 
when  he  reade  Dr.  Bell's  descriptions  of  assomed  Haronian  rocks 
more  remote  from  Thonder  bay,  and  misanderBtanda  Dr.  Bell  at 
the  same  time,  aa  apeaking  of  the  rooka  which  Irving  had  correctly 
called  Horonian.  NevertbeleBs,  Irving  is  able  to  convince  himself 
that  all  the  areas  by  anybody  called  Hnronian,  agree  in  anoh  par- 
ticolars  aa  to  jnstify  him  in  aweeping  them  all  into  that  category, 
(p.  395).  Irving  anspecta  indeed,  that  two  groops  of  schists  have 
been  oonfonaded  by  the  Canadian  geologiBta — "  the  iron-bearing 
schists  of  the  Hnronian  and  the  schistose  greenish  phase  of  the  older 
gneiea  " — bot  he  does  not  anspeot  that  he  has  himself  identified  and 
ooofoonded  two  other  systems  which,  nnlike  these  gronpa,  stand  in 
discordant  mineralogical  and  strnotural  relations  to  each  other. 

1885.  The  overlap  of  profrasor  Irving's  Reweenawan  stodies  os 
syetems  of  older  date,  was  the  prelude  to  a  formal  investigation  of 
the  Hnronian  system  as  a  specialty.  This  was  undertaken  also, 
under  the  aoepices  of  the  Government  sorvey,  and  was  in  progress 
at  the  date  c^  his  lamented  death.  But  eome  preliminary  papers 
appeared,  from  which  we  may  learn  the  fondamental  positions 
whioh  be  was  preparing  to  defend.*  In  the  first  memoir,  the  fol- 
lowing areas  of  older  rocks  are  grouped  together  under  the  desig- 
nation Huronian: 

*A  Brat  paper  entitled  "Prelimlaary  Pupers  on  no  IiireutlKatlon  of  the  ArobiD&ii 
Fiwinatloii8ottboNortbweal«rDSt&t«H."  wan  publlfhefl  In  Ihe  FifUi  Annaal  Itfport  ot 
the  v.  a  a«ol.  Sun..  188S,  pp.  m-3(S. 
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The  Original  Hnronian. 

The  Mar qnetto- Menominee  Iron-bearing  BofaiBte. 

The  WiBConain  Valley  slates. 

The  Penokee-Gogebio  Iron-bearing  BohistB. 

The  St.  LooiB,  [Minn.]  slatea. 

The  Chippewa  Valley  qaartzites. 

The  Black  BiTer  Iron-bearing  aohiBts. 

The  Barsboo  qoartziteB. 

The  Sioox  qaartzttes. 

The  Aoimike  series. 

Folded  Bobists  of  Canada. 

In  the  progress  of  a  condensed  examination  of  these  eleren  areasr 
professor  Irving  states  more  explicitly,  what  he  intimated  in  his 
prerioDB  memoir,  that  the  so-oalled  "oTowning  overflow,"  resting 
on  the  Animike  cliffs  of  Thonder  bay  and  the  regions  to  the  sonth- 
west,  Ib  not  to  be  regarded  as  one  final  overflow,  bat  a  succession  of 
overflowB,  interbedded  in  a  sacoession  of  slaty  depositB.*  He  op- 
poses sharply  the  position  of  Foster  and  Whitney,  and  later,  of 
Wadsworth,  that  the  iron  deposits  and  associated  jaspers  ars  of 
emptive  origin  (p.  192).  The  folded  schists  north  and  east  of  lake 
Superior,  described  by  the  Canadian  geologists,  since  1863,  as  Ha- 
Tonian,  are  admitted,  at  least  some  of  tbem,  in  that  system,  bnt 
he  says: 

"We  are  immediately  confronted  with  a  Btmotoral  [voblem  of  a 
good  deal  of  difficulty,  i.  e.,  the  relation  of  these  folded  schists  to 
the  nnfolded  Animike  series.  Generally  as  the  Animike  series  is 
traced  toward  its  northern  border,  it  is  foond  to  lie  against  a  belt 
of  granite  and  gneiss.  This  Ib  bo  along  the  shore  of  Thunder  bay, 
and  thence  westward  to  Gonflint  iake,  and  it  is  trne  again  at  the 
Meeabi  Bange  and  Pokegama  falls  district,  in  Minnesota.  Korth 
of  this  belt  of  granite,  comes  the  belt  of  folded  schiats.  The  ap- 
pearance thQS  presented  is  at  first  sight,  one  of  general  nnoonformity 
between  the  flat-lying  Animike  and  an  older  series  indoding 
gneiss  and  older  folded  sohists." 

This  state  of  toots  was  in  direct  conflict  with  his  theory  that  the 
Animike  and  the  folded  (vertical)  sahists  are  one.  The  reooncilia- 
tion  of  the  foots  ond  the  theory  occupied  his  earnest  attention.  A 
hypothesiB  was  proposed  for  this  porpoee-f  He  sapposee  "that 
the  Animike  rocks  were  onoe  continuons  with  the  folded  schiste  to 
the  north  of  them,  and  that  they  are  now  separated  merely  because 

•p.  200.  See  also.  FlfOi  Annual  ileport,  p.  saz.  The  "orownlng  oTerOow"  la  now  dl>- 
cradlted  by  the  present  Director  trf  the  Caaadlui  Surrey— Scienet,  11,  p.  WS,  ]»i. 

-^TUrd  Annual  Report,  ir<Mon*<n  Oeol.5urr..  p.  f?l.' VonnprnpfM  U.  S.  Otol.  Surr..  vol.'. 
pp.  399.  417:  FVfll  Annunt  Report,  p.  SOe. 
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of  the  eroeion  of  the  orowns  of  the  folds  between  them,  the  cloee 
folding  of  the  folded  echiets  being  Bapposed,  on  this  view,  to  have 
been  prodaoed  oonoomitantty  with  the  broad  simple  bend  which 
fonns  the  trough  of  lake  Superior.  On  this  supposition,  the  un- 
folded schists  of  the  north  shore  are  compared  with  the  aofolded 
Penokee  of  the  south  shore}.and  the  folded  schists  of  the  national 
boondary,  with  the  folded  schists  of  the  Marquette  and  Menominee 
regions.  All  are  suppoeed  to  represent  a  great  sheet  of  Hnronian 
deposits  onoe  continuously  spread  upon  a  floor  of  far  older  gneisses 
and  schists,  which  have  since  been  brought  to  view  by  folding  and 
denudation."* 

Some  little  support  for  this  not  impossible  hypothesis,  wa» 
gathered  from  the  fact,  that  in  one  region,  where  the  horizontal 
and  vertical  schists  were  separated  by  only  a  few  miles,  the  hor< 
isontal  schists  acquired  considerable  dip.  In  some  localities,  as 
shown  by  N.  H.  Winchell,  they  became  irregular  in  dip,  and  man- 
ifestly distorbod.  But  professor  Irving  was  never  able  to  proceed 
further.t 

In  the  sequel  of  this  memoir,  the  author  presents  other  results 
of  studies  upon  his  general  problem,  and  among  them  are  interest^ 
ing  facts  respecting  enlargements  of  quartz  fragments  (pp.  229- 
280);  and  these  lead  him  to  an  explanation  of  so-called  "oryatalline 
sandstones",  (p.  219);[  A  final  conolusion  from  these  studies  is 
"that  all  of  the  quartzites  marked  provisionally  as  Huronian 
on  the  accompanying  map,  inolnding  the  type  Hnronian  of  lake 
Hnron,  are  merely  sandstones  which  have  received  various  d^rees 
of  induration  by  the  interstitial  deposition  of  a  silioious  cement 
which  has  generally  taken  the  form  of  enlargements  of  the  original 
quartz  fragments,  less  oommonly,  of  minute,  indepe  jdently  oriented 
areas,  and  still  less  oommonly,  of  an  amorphous  or  ohaloedonic 
silica,  two  or  even  three  forma  of  the  cementing  silioa  occurring 
at  times  together  in  the  same  rock"  (p.  236). 

'Fifth  Annual  Repi'rt,  U.  S.  Oeal.  Sam.,  pp.  200-207. 

tTbe  writer  will  here  aUte  that  the  MlnneHotSi  SurTof  has  ahown  that  the  dlstatb- 
anosB  Toferred  to  (east  at  OglshkemUDCle  lake)  are  very  local,  and  tbe  horlioDtal 
•oblsta  north  of  OunQlnt  lake  are  not  separated  tion  the  vertical  by  a  gnelsslc  Inter' 
poaltlon,  but  rwt    In  very  discordant  contact  upon  thom.    No  more  Hpecnlatlon  Is 


Professor Irvlngread  a  paperbelore  the  iVolloniitAcadenvv.  Apr.  22,  ISST,  which  was 
pablKhed  Id  Anw.  Jour.  Set.,  Ill,  iiilT,204-2U>;2<»-3Sa;  3(0-374.  entitled.  "Have  We  a 
Hnronian  Group?"  This  was  chleBy  an  occasion  for  restating  the  views  presented  in 
tbe  paper  here  notloed,  and  for  a  Bnal  effort  to  oluDldals  his  hypothesis  for  the 
•ynohronlEatloh  of  the  Aulmlke  and  tbe  older  scblsls  now  known  aa  Kewatln.  This 
paper  has  been  noticed  by  me  In  Buli.  OeoL  Soe.  Amtr.,  1.  p.  38T. 

rrhe  subject  has  been  more  fully  treated  InBuIKKn  17.  S.  GtoL  Sun..  No.  8,  ISU,  by 
B.  D,  IrvlDK  aad  C.  U.  VanHise. 

Baoh  enlai^ements  In  ''HorableDdes  aud  AuRltes"  have  subsequently  been  described 
vt  O.  R.  VanStse,  Airur.  Jour.  Sel.  III.  mill,  38S-388, 1887. 
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The  BDbJBotot  enlargementB  offelditpsr  fragmente  is  Bimilarly 
discassed  and  the  faotB  established. 

A  final  ooDolosioD  from  all  the  facts  is  that  the  most  of  the  rocks 
geneiall;  styled  HnrooiaiL  do  not  properly  fall  under  the  head  of 
metomorphio  rocks. 

These  interenoes  are  carried  farther  in  the  important  Bolletiii 
oited  above. 

1888.  The  last  importaDt  memoir  from  Profeseor  Irving's  pen 
is  a  oompilstion  of  f  oudameDtal  principles  to  be  employed  in  the 
dasaifioation  of  anfossiliferoos  rooks.* 

Of  this  the  author  saj^s:  "  Beyond  many  of  the  facts  cited  in 
illustration,  and  the  mode  of  presentation,  the  paper  does  not  con- 
tain very  much  that  is  new  or  original."  It  nevertheless  presents 
A  convenient  synopsis  of  principles,  and  shows  a  mature  mastery 
of  the  sabject.  For  the  present  purpose  a  few  quotations  of  new 
or  maturing  views  on  certain  points,  will  soffioe.  Speaking  of  the 
green  schists  which  with  more  or  less  of  mica  schists  and  other 
later  rocks  has  been  marked  as  Huronian  for  the  entare  region 
north  of  lake  Superior  by  the  Canadian  survey,  he  says  they  are 
not  separated  from  the  Lanrentian  by  any  unconformity.  There- 
tore,  "  The  name  Huronian  belongs  to  an  entirely  different  gronp."t 
In  attempting  to  Ulnstrate  the  stmotnral  relation  of  the  Animike 
series  to  the  underlying  schists,  he  presents  (p.  42V)  a  diagram 
section  across  Q-anflint  lake,  which  sets  forth  the  observed  facts 
with  snfBoient  aocnraay.  But  his  interpretation  of  the  fact  seems 
to  be  erroneous.  He  says  the  Animike  abuts  "against  an  older 
formation  of  granite  and  schists,"  and  he  says  too,  "the  iron-bear- 
ing horizon  at  the  base  of  this  succession  [the  Animike]  is  litho- 
logioally  identical  with  that  of  the  Fenokee  series  of  northern  Wis- 
consin and  Michigan."  So  far  he  is  perhaps,  right — but,  with  the 
understanding  that  the  "granite"  [gneiss]  is  quite  removed  from 
the  contact  with  the  Animike,  and  that  the  "schists"  at  the  contact 
are  not  the  usual  crystalline  schists  which  succeed  the  gneiss  and 
granite,  but  hold  a  position  superior  to  them,  in  the  same  vicinity. 
Professor  Irving's  misconception  consisted  in  regarding  those  ver- 
tical "schists"  as  part  oE  the  series  of  crystalline  schists,  and  in 
conceiving  them  as  different  from  the  vertical  schists  which  inclose 
the  iron  ores  at  Vermilion  lake.  Identifying  these  vertically- 
standing  ore  beds  with  those  ia  the  fiat-lying  Animike.  he  mokes 

•■'On  tbe  OliLBalflcntloTi  ot  tbe  Earl jr  Cambrian  aoO  Fro-Cambrian  FormatkniB.  A 
brlof  DisousalODOl  Principles.  Ill uatrated  <>y  examples  drawn  mainly  from  the  Lake 
Superior  Beglon."    Sfnenth  Annual  Report  U.  8.  Oeol.  Surv.,  ISSfl,  pp.  a«a-4M. 

tYettbIs  Is  precisely  thegrcuiB  n-hlph  In  the  Vermilion  region  of  Nlnnesota,  protes- 
sor  IrylDg  calln  Hnixnliin 


>vCoo»^lc 


BTATE  GEOLOGIST. 


20T 


an  unBocoessfal  attempt  to  repteeent  them  &b  "flat-lying,"  like  the 
Animike  ores  at  Gonflint  lake*     (p.  421). 

Professor  Irriog  ioBisted  on  a  "structural  auconforniity  betweeD 
the  Haronian  and  Laarentian."  He  makes  niunerons  references 
to  Sir  William  Logan's  ntteraDoes  on  the  sabject,  and  thongh  they 
are  strikingly  selE-contradiotory,  Irving  asserts,  th^  "show  oer- 
tainly  his  fall  belief  in  sach  nnoontormity"  (p.  430).  This  confus- 
ion on  Logan's  part,  and  misapprehension  od  Irving's,  arise  from 
their  common  error  in  applying  the  name  Hnronian  to  two  different 
systems,  and  Irving's  supposition  that  the  Penokee  Hnronian — 
rightly  identified  with  the  original  Hnronian — is  the  same  as  Lo- 
gan's "Lake  Superior  Huronian." 

Id  disflossing  the  taxonomia  exhibit  which  he  gives  of  the  older 
rooks  (pp.  440-441)  lie  says: 

"At  the  base  of  the  succession  is  a  series  composed  of  gneiss  and 
granitic  rooks,  with  also  a  large  development  of  sohiste.  The 
granite  is  certainly  in  the  main  -emptive.  The  schists  are  very 
largely  compressed  eraptives,  bat  also  in  part  of  sedimentary 
origin"  (p.  442).  This  view  may  be  compared  with  those  given, 
ante,  p.  197. 

But  of  the  mica  schists  or  mica  slates  described  as  holding  a  po- 
sition near  the  top  of  the  Marquette  iron  series,  be  says: 

"Onr  own  mioroeoopical  studies  of  them  have  demonstrated  their 
derivation  by  mere  metaeomatic  changes,  from  rooks  wholly  of  de- 
trital  origin,  the  fragmental  character  Ereqnently  beii^  veil  pre- 
served, even  to  the  naked  eye,  while. lai^e  portions  of  the  same 
horizon  show  little  change  from  the  original  fragmental  conditions." 
(p.  386. )t 

As  the  oatoome  of  the  entire  discussion,  professor  Irving  pre> 
seats  the  following  taxonomic  suggestion  (p.  454): 


Systems. 

Paleozoic 

Agnotozoic 

or 
Eparoheean. 


Groups. 
CarboniferooB, 
Devonian, 
Silurian, 
Oambriao. 
Keweenawan, 
Horonian, 

(Other  ^upe?)  J 

Laurentian  (including  upper  Laur-  ) 

eutiau. )  ) 


Syatems. 


'His diagram  atMmpUiiK  tt 


reirbattbe  writer.  In  thp  Fifteenth 


>vGoo»^lc 


308  EIOHTEEHni   ANNUAL   BEPORT 

Andbew  C.  Lawbon. 

1S86.  In  his  deBcriptioD  and  estimate  oC  the  rooks  in  the  noin- 
itf  of  the  Lake  of  the  Woods,*  Dr.  Lawsoa  assnaied  positioDs  of 
SQoh  originality  and  boldness  as  to  entitle  bis  oontribations  to 
an  important  place  in  this  sketch  of  opinions  concerning  the  older 
rooka  of  Amq^ca. 

The  sohistB  in  the  vicinity  of  the  Lake  of  the  Woods  had  been 
uotioed  by  Bigsby  and  the  other  early  explorers.  By  Bell,  they 
had  been  designated  Haronian,  from  their  reaemblanoe,  undoabt- 
edly,  to  the  schists  misnamed  Haronian,  on  the  north  and  east  of 
lake  Snperior.t  Dr.  Q.  M.  Dawson  first  remarked  the  apparent 
volcanic  origin  of  a  large  part  of  the  "Hnronian"  frocks. 

Dr.  Lawson  ie  not  satisfied  to  embrace  all  the  older  schists  in 
the  Haronian.§    He  says: 

"The  schi8t(we  belt  of  the  Lake  of  the  Woods  appears  to  me  to 
differ  from  the  typical  Haronian  of  Sir  William  Logan  both  litho- 
logioally  and  in  other  respects.  '  The  typical  Haronian  of  Logan 
is,  from  his  description  of  it,  essentially  a  qnartzite  series,  in  vhicb 
the  qaartzites  are  true  indurated  sandstones.  The  schistose  belt 
of  the  Lake  of  the  Woods  is  not  so  characterized.  Qaartzites  form 
an  extremely  small  proportion  of  the  rocks  of  the  Lake  of  the 
Woods,  and  then  they  are  only  local  developments  in  formations 
of  mica  schist  and  felsite  schist.  Bedded  limestones  are  character- 
istic of  Logan's  typical  series.  On  the  Lake  of  the  Woods,  there 
are,  so  far  as  I  have  been  able  to  determine,  no  bedded  limestones, 
the  nearest  approach  to  them  being  small  segregated  bands  of 
dolomite  of  the  character  of  veinstones.  These  two  differenoee 
alone  are  anfficient  to  throw  doubt  on  the  equivalence  of  the  two 
series,  if  lithological  character  is  to  be  regarded  as  an  aid  to  geo- 
logical olaseiGcation.  There  are,  however,  other  differences.  The 
basal  conglomerate  of  Logan's  Haronian,  on  Lake  Temiscamang, 

•Eaport  OQ  the  ri  ology  of  tlio  Lnke  of  the  Wooda  rBgloii,  with  Bpectal  refownoe  to 
the  Keenatln  (Uuroulau?)  belt  ol  the  Archean  Bocks.  By  Andrew  0.  LairsoQ,  M.  A. 
Qeologiealand  Natural  Itlitorv  lumey  af  Canada.  Annual  report  (new  series),  Vol.1,  isas, 
Montreal,  ISBe. 

tB,  ItcU,  Ann.  B«p.  Canada.  IST2-3.  pp.  Ql-lOS;  18T3-t,  pp.  88-SO.  Also,  and  more  In  de- 
tail,1880-3.  pp.  13-16C. 

to.  U.  Dawson.  Geologj'  and  resources  of  the  rcKlonln  the  vlolnltroCthefort^-nlnth 
parallel.  1875. 

IThe  Baine  dissent  was  eipresaed  by  the  writer  In  a  paper  on  "The  Huronlan  System," 
presented  to  the  Amer,  Ai»oe,,  New  York.  1887;  In  one  entitled.  Systematlo  Besalts  ot 
a  Field  9Cudy  ol  tho  Archiean  Rocks  ot  the  Northwest,  Proc.  <lnur.  Aitoc.,  OleTeland, 
1S88,  p.  lOS-e:  a  paper  Ou  The  Oeoloslool  Position  of  the  Oglshke  Oonglomerate,  IVuc. 
Amer,  Anoc.  Toronto,  1880,  pp.  S31-S  and  Two  Systems  oontounded  In  the  Huronlan, 
Amer.  OeoL  111,  213- U,  March,  1860.  See  similar  views  embodied  In  a  paper  by  N.  R.  and 
H.  V.  WInohell.  Proe.  Ama:  AtnOO.  Toronto,  1889,  pp.  S3S-20. 
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la  described  as  holding  pebbles  aud  boulders,  sometimeB  a  foot  in 
diameter,  of  the  Babjacent  gneiss,  £rom  which  they  appear  to  be 
derived.  The  boulders  display  red  orthoclase  feldspar,  transla- 
oent  colorless  quartz,  green  hornblende  and  brovDish  black  mica 
arranged  in  parallel  layers,  vhich  have  a  direction  according  to 
the  attitude  in  which  the  boulders  were  accidentally  inclosed.  The 
rooks  on  the  Lake  of  the  Woods,  which  are  in  the  following  pages 
referred  to  as  ^[glomerate  schists,  are  not  basal  conglomerates. 
They  are  not  at  the  base  of  the  series  included  in  the  Bchistoee 
belt,  nor  are  they  apparently  composed  of  water-worn  fragments, 
derived  from  the  rocks  upon  which  they  rest. 

"No  fragments  that  can  be  referred  to  the  underlying  graoitoid 
gneieses  are  found  included  in  the  agglomerate  schists  of  the  Lake 
of  the  Woods.  All  the  facta  connected  with  them  point  to  a  volcanic 
origin  for  these  agglomeratee,  and  the  fragments  are  Very  fre- 
quently sharply  angular,  often  with  re-entering  angles,  although 
for  the  most  part,  they  are  elongated  and  lenticular  in  shape,  as  a 
result  of  pressure,  and  the  paste  in  which  they  are  imbedded  does 
not  differ  from  them  materially,  as  a  rule.  In  rare  instances, 
they  pass  into  a  pebble  or  boulder-conglomerate,  in  which  the  peb- 
bles are  usually  of  a  reddish  felsitio  material,  and  indicate  the 
coexistence  of  aqueous  with  volcamc  depoeition." 

"The  'green  slate  rock'  oooglomerat^  at  the  month  of  the  T)ot6 
river,  lake  Superior,  described  by  Sir  W.  Logan,  supposed  by  him 
to  be  equivalent  to  the  rocks  of  his  main  Horonian  area,  appear  to 
resemble  the  agglomerate  schists  of  the  Lake  of  the  Woods.  This 
Dor£  river  area  of  'green  slate  rocks,'  is  however  geographically  dis- 
tinct, and  appears  to  differ  from  the  series  in  the  typical  Huronian 
region .  The  rocks  are  described  as  standing  in  a  nearly  vertical 
attitude,  while  those  of  the  latter  are  comparatively  flat.  Neither 
are  they  associated  with  beds  of  quartzites  or  limestones  to  a 
material  extent  Those  differences,  with  the  geographical  separa- 
tion, may,  I  believe,  warrant  ns  in  considering  the  possibility  of 
Logan  having  placed  under  one  designation,  two  distinct  series." 

Other  and  good  reasons  are  given  for  the  opinions  here  set  forth, 
bat  we  must  forbear  to  cite  further.  . 

"  While  thus  the  schists  of  the  Lake  of  the  Woods  are  older  than 
the  epoch  of  folding,  and  older  than  the  granites  which  are  intrud- 
ed through  them,  Logan's  typical  Harooian  has  oome  into  existence 
later  than  the  time  of  folding  of  the  gneiss,  and  possibly  also,  later 
than  the  main  period  of  granitic  irruption." 

He  refers  to  Irving's  conclusions  as  supporting  his  own  view. 
Citiog  Irring's  full  identifloation  of  the  Asimike  series  of  Thunder 
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bay  with  the  typical  HnroDian,  and  his  view  of  ihe  sppareot  eqoiv- 
alenoe  of  each  witb  the  Marquette,  MeDominee  and  Peaokee- 
Gogebic  serieB,  be  aska: 

"If  then,  the  Animike  and  Hnronian  are  identical,  as  Logan 
bimaelf  believed,  ae  regards  a  portion,  at  least,  of  the  Animike, 
what  are  the  relations  of  the  folded  xohists  of  the  Lake  of  the 
Woods  to  that  flai-lying  series?  Professor  Irving  has  expressed 
the  opinion  'that  both  the  flat-lying  Animike  slates  and  the  more 
northern,  folded,  iron-beBring  schista  are  Hnronian,'  and  gives  a 
diagram  to  show  the  hypothetical  identity  of  the  folded  and  an- 
folded  series  on  either  side  of  the  Mesabi  range  of  granite  and 
gneiss"  (See  aut^.  p.  203). 

"The  folded  schists  to  the  northwest,  however,  so  far  as  the  Lake 
of  the  Woods  series  teaches,  are  as  different  from  the  Animike  as 
they  are  h-om  the  typical  Hnronian,  and  were  probably  folded  with 
the  gneisses,  before  the  Animike  rocks  existed  as  soch.  The 
Animike  series  rests,  apparently,  on  granite,  along  part  of  its 
western  coDfiaes.  The  granite  of  the  region  appears,  as  is  known 
to  have  been  the  case  on  the  Lake  of  the  Woods,  and  has  been  more 
recently  determined  to  be  true  also  for  Bainy  lake,  to  be  of  later 
origin  than  the  folded  schists*.  Hence,  in  the  enperposition  of 
the  Animike  rooks  upon  the  granite,  we  barcogain,  a  sharp  distinc- 
tion in  geological  time,  between  the  Animike  (Hnronian?)  and  the 
folded  schists  to  the  west,  as  represented  by  tbeLabeof  the  Woods 
series. " 

Dr.  Lawson  thinks,  in  this  view  of  the  facts,  "it  is  expedient 
that  this  series  of  rooks  should  receive  a  oonTe>iient  name  which  shall 
be  nonHMmmittal  as  te  geological  relations,  and  which  may  be 
osed  provisionally,  till  snch  time  as  those  relations  are  established 
beyond  question.  The  most  appropriate  name  for  the  series  that 
suggests  itself  to  me  is  Keewatin  [Ke-way-tin^,  the  Indian  name 
for  Northwest,  or  the  Northwest  wind,  which  has  been  applied  to 
the  district  within  which  the  rooks  occur."'!' 

*Thlsvteir  of  the  relative  age  of  the  granlMsbnd  the  schlBia  has  been  mare  pmrtlculkr- 
ly  argued  br  Dr.LawBOD.  InAflUr.  Jour.Sd.III,  xxxlll,  473-460,  Although  the  author 
HpeakB  with  oonfldence,  the  reader  will  oot  understand  that  the  dootrlue  Is  established 
Id  the  Hense  here  oonveyod. 

tKsemilln  tm  »  Chlppevayao  term,  has  nu  authorized  orthoKTHphf.  Tbe  sounds  arc 
repi«Benl«d  In  different  European  lansuages,  aooordlug  to  the  powers  ol  the  lett«raot 
those  laaguaEes.  It  Is  doubtful  whether  tbe  usage  of  the  Engllah  language  has  a 
parsmDunt  right  to  Impose  a  Sied  lorm  tor  onlverBsl  acoeptanoe  on  any  Indian 
Tocable,  especially,  when  It  la  a  term  proposed  for  Introduction  Into  the  unlTersal 
language  of  geology.  This  diversity  In  the  powers  of  letters  In  different  languages. 
led  AmerloanlstB  long  since,  to  the  adoption  of  CerUiln  rates  tor  the  spelling  of  Indian 
namea-  The  alphabet  ot  Dr.  Qeorge  GIbbs.  the  recognlied  pioneer  In  American 
llngulsbloe.  was  adopted  by  the  Smithsonian  Institution,  and  published  with  lla  sanc- 
tion. In  No.  UOotSmlthsonlan  Miscellaneous  Oollectlons,  IMS.    The  rules  thus  pro- 
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Conaing  to  a  geolc^ioal  desrriptioa  of  the  region,  the  author 
dwells  upon  the  ezisteaoe  of  great  pre-glaoial  deDodation;  bat  id  a 
later  memoir,  this  sabjeot  ia  treated  more  at  length. 

To  the  gaeissio  and  granitio  rocks  he  ascribes  an  origin  from 
moltsD  material.  He  states  that  the  non-orthoolastio  oonstitaenta 
of  the  gneiss  possess  "a  distinct  flowed  strnctnre."  The  gneiseea, 
he  says,  too,  show  a  "passage  into  granites  devoid  of  foliation"  (p. 
29).    OE  one  of  the  granites  he  says: 

"This  rook,  oharaoterietioally  granitic  in  itsnatnre,  may  be  traced, 
eastward  over  a  comparatively  bare  coantry,  and  be  seen  to  assame 
gradually,  by  transitions  scarcely  perceptible,  a  gneissic  arrauge- 
meut  of  the  crystals,  till  at  last,  on  the  shores  of  Long  lake,  it 
presenta  a  quite  distinctly  gneissio  foliation"  (p.  30). 

A  group  of  rocks  of  great  importance  bat  very  obscure  nature, 
is  deseri5ed  as  "agglomerates,  tuffs  and  boulder  conglomerates." 
The  character  which  they  present  he  considers  due  to  "an  ex- 
tremely rapid  process  of  deposition  of  intimately  associated  and 
often  alternating,  volcanic  ejectameutn,  (both  flows  and  toffs) 
and' aqaeone  sedimentation,  the  material  for  which  was  derived 
partly  from  the  volcanic  products,  and  partly  from  the  more 
silicious  or  acidic  rocks  which  seem  to  have  oonatttuted  the  or- 
iginal floor  of  the  troogh"  (p.  49).* 

Farther  of  the  oonstitation  of  the  agglomerates,  he  says: 

"The  included  fragments  of  the  Eigglomerates  ar?  nearly  always 
more  or  less  flattened  or  lens-shape,  the  greatest  planes  in  the 
fragments  being  parallel  with  the  planes  of  Bchistosity,  which  are 
in  the  great  majority  of  cases  observably  id^itical  with  those  of 
the  bedding"  (pp.  49-50). 

The  forms  of  the  fragments  are  attributed  to  pressure.  The 
Bgglometates  are  said  topaas,  sometimes,  into  mica  schists;  and  he 
says  it  is  "not  uncommon  to  And  in  these  mica  schists,  a  small 
proportion  of  feldspar,  which  gives  them  the  character  of  finely 
laminated  gneisses,  in  places." 

mDlgated  hare  b««D  followed  Id  the  various  publications  of  vocabul&Has  made  by  the 
n.9.  Department  of  EChDOlOgy.  (See,  forlnsb&ace,  OjatrlbuClons  to  North  Amarloaa 
Ethnology,  vol. l.p.itf,  IST7,  SDdlll,  p. 413,  isnj.  Uader  theea  rulea,  the  vooable  K6- 
loov-tlnabauld  be  vfrlttea  Kl-U'.'-Cln;  as  Che  vocable  Ke-ioB-niio  would  ba  written  fl- 
Vif^OA.  But  should  It  be  considered  too  Intfi  to  adopt  the  Smltbaoulan  orthography  of 
these  words,  there  cerlaluly  Is  □□  English  reason  lor  Inurtlng  duplicated  "«",  as  Id 
ICwvaUitaad  EfUKeniio  (vrhy  notCeeic^enitor).  The  least ooaoesslon  to  the  demands 
of  slrnpllclty  and  good  orthographic  reason,  should  prompt  a  luter  of  the  English 
language  to  Write  Eeaiatin  and  Kt\ctaaiB.  For  similar  reasons,  we  should  write 
AnimOit.no\.AnimlMtoTAnUnOti;Ke-Kt-qaa^lti,aiA,  K»\\iniuA-l>ie.  Also.  CuudtteMno, 
not  Cou(eMcA(ni7. 

*A  similar  view  of  the  nature  of  the  "diabaslo  sohlsta"  of  Minnesota  has  been  set 
forth  by  H.  V.  WlDchell,  In  the  American  OtrAogM,  111,  pp.  lB-22.  Jan.  1860. 
-IS 
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Tbna,  siooe  the  gaeisB  gradaates  into  granite,  he  disoovers  a  min- 
eralogioal  gradaatioD  betweeD  mica  achist  aod  grauite.* 

Farticalar  attentioD  is  devoted  to  tbe  relations  of  the  goeiBses 
with  the  asBooiated  achiats.  "Thegiieia8",heBays,  "id  aome  places, 
holda  large  and  small  aogalar  fragments  of  hornblende  eohiat  .  . 
The  planes  of  lamination  of  the  schist  and  foliation  of  the  gneisB 
are  parallel,  thoagh  there  are  unmislakable  evidences  that  the 
contact  is  an  igneoas  one,  and  that  when  there  ia  a  mixed  alterna- 
tion of  gneiaa  and  echist,  the  former  has  been  injected  within  the 
latter  [italics  are  the  oompiler'a].  This  mtxtare  of  gneisa  and 
schist,  with  oooasional  short  broken  bands  nnd  fragmente  of  schist 
included  within  the  gneiss,  oocar  at  intervals  along  the  shore  of 
Darlington  bay"  (p.  61). 

In  another  place,  he  speaks  of  "dykps  and  gneiss"  cutting  the 
schists,  and  presenting  the  appearance  of  "evenly  in&roalated 
beds"  (p.  72).  As  we  approach  the  great  gneissic  area,  tbeae  inter- 
calations become  more  frequent.  At  tbe  junction  between  the 
gneiss  and  schists,  there  is  "no  sharply  defined  line  of  contact,  but 
a  transitional  aeries  of  layers  of  alternate  gneias  and  aohiat" 
(p.  72). 

He  gives  figures  of  snch  alternations,  and  says: 

"The  two  rocks  [are]  apparently  interbedded  as  a  tranaitional 
dtematioQ,'  but  the  gaeiss  [is]  in  reality  intruded."  In  one  place 
he  enumerates  sixteen  alternations  of  gneiss  and  hornblende 
flobist,  "some  of  thd  gneissic  beds  being  aa  thin  as  four  inches,  six 
inches,  eight  inches  and  one  foot,  with  intervening  schistic  beds 
as  low  as  eight,  twelve  and  fiFteen  inches,  all  regular  and  bed^Hke 
in  their  characters;"  "bat  their  true  nature,"  he  sasrs,  "as  injected 
sheets  or  dykes,  is  sufficiently  revealed."  This  opinion  seems  to 
be  rested  on  the  facts  that  occasionally  a  bed  of  gneias  sends 
"irregular  tongues"  into  the  schiats,  or  includes  "fragments  of  the 
schist  wall8."t 

The  plutooio  view  is  defended  by  the  author  with  unmistakable 
ability,  (p.  83,  etc);  bat  we  have  not  the  Hpace  for  adequate  cita- 
tions. The  Kewatin  is  held,  with  reserve,  to  be  strncturally  con- 
formable with  the  Lanrentlan;  bat  at  the  same  time,  it  ia  presum- 
able that  a  real  historic  break  separates  them. 

■NevertheleBa.  soFsr  iia  the  writer  can  asc^crtaln.  he  reRarda  Ihe  Eewatln  asetnbraO' 
Ing  all  the  rocka  down  tc  the  gnnlas.  where,  (or  the  renBons  given,  he  dtBCOvere  Bft- 
denuHB  of  a  very  dltfereat  sort  of  geologic  ageno;. 

fSlmllar  relations  of  gneiss  and  contiguous  achlata  are  desorlbed  In  the  FfftemOi  »,ail 
Stx(<cn0>  Annual  JR<port«  or  Ulonesota;  but  B  different  Interpretatlou  Is  put  upon  tli« 
gneissic  beds,    Bee  also  the  writer's  memoir  In  Bull.  OeoO-  Soe.  Amer..  pp.  3ST4M- 

Apr..  laea. 
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As  to  the  general  straotnre  of  the  region,  he  saye: 

"The  granitio  iDtrusiona  of  the  area  of  the  Lake  of  the  Woods 
may  be  grouped  auder  ten  main  oentres  of  occarrence  or  distriba- 
tioD,  withaQumber  of  boBsesof  minor  importance,  which  appear 
to  be  independent  of  these." 

These  areas  are  regarded  as  so  many  ontbarsts  through  the  over- 
lying Kewatin  and  are  therefore  of  later  age.  The  granitic 
masses  have  a  definite  relation  to  the  atratigraphical  stroctnre,  and 
seem  to  lie  in  the  lines  of  folding,  and  to  have  been  affected  by 
the  same  cause  as  produced  the  folding  (pp.  100.  101). 

Of  the  Kewatin  series  he  enumerates  and  describes  the  follow- 
ing members: 

"Granitoid  rocks  at  either  extrema 

"Hornblende  schists  with  associated  altered  traps,  the  whole 
more  or  less  chloritio. 

"Agglomerate  schists,  varying  in  character  from  greenstones  to 
micaceous  or  gneiesio  schists. 

"Qaartzoee  mica  schist,  sometimes  gneiasic,  but  lamination  very 
even. 

"HydromicaceouB  and  chloritio  schists,  and  areQaceons  slates. 

"Granite  (irrnptive)."  , 

1887.  Id  continuation  of  the  results  of  hie  studies  in  the  Cana- 
dian Northwest,  Dr.  Lawson  gave  a  preliminary  account  of  the 
geology  of  the  Bainy  lake  region.*  This  region  geologically  is 
a  oontinaation  of  that  of  the  Lake  of  the  Woods.  He  here  brings 
oat  more  expressly  his  belief  that  the  granitic  and  gneissic  rocks 
•  are  yonnger  in  respect  to  the  conditions  in  which  we  know  them, 
than  are  the  oryetalline  and  aemi-orystalline  schists.  He  says 
truly: 

"We  do  not  yet  know  their  original  condition  prior  to  the  fusion 
from  which  they  solidified  into  granites,  syenites  and  gneisses. 
They  may  have  been  sedimentary ;  they  may  have  been  the  original 
cmst  of  the  earth.  But  whatever  may  have  been  that  original  con- 
dition, the  evidence  is  clear  on  this  point,  viz:  that  the  fusion  and 
solidification  whereby  they  were  brought  into  their  present  con 
dition  as  firm  crystalline  rocks,  took  place  at  a  period  subsequent 
to  the  existence,  in  a  hard,  brittle  oonditioD,  of  the  stratiform,  and 
often  very  distinctly  clastic,  rocks  which  occupy  the  higher  place 
in  the  column.  Therefore,  as  rocks,  the  members  of  this  fund- 
amental system  are  of  younger  ^e  than  those  of  the  nearest 
overlying  formations." 

^nt  he  draws  the  line  of  distinction  between  igneons  and  sedi- 

'Anur.  Jour.  8d.,  Ill,  xxxlll.  4T3-4S0.  June.  1687. 
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mentary  rocka  at  the  crystalline  Bchiats.  He  iDcladea  here  certain 
fine-gruned,  bedded  rocka  for  which  he  piopoaes  the  term  "granu- 
life  gneiss."*  The  echiete  generally  knoirn  aa  cryctalliDe  schiatB, 
occnpying  a  poeitioD  between  the  gneiasea  and  the  aemi-cryBtalline 
achiata,  are  here  aeparated  from  the  latter,  and  receive  the  name, 
"Coatchiching  series/'t 
He  a&ya  of  them: 

"They  are  very  sharply  and  distinctly  marked  off  from  the  lover 
granitea  and  gDeiaaea  of  the  Lanrentian.  The  geological  contact 
between  the  Contchiching  aeries  and  the  Lanrentian  is  one  of  neither 
conformity  nor  nnconformity.  The  break  is  of  an  entirely  different 
order,  and  the  contact  ia  eminently  that  of  an  icfneons  injection  or 
intrasion  of  the  lower  throngh  the  npper  rocka"  (p.  4/7), 

The  overlying  [Kewatin]  schists  are  "of  entirely  different 
cbsraoter."  The  rocka  are  tor  the  greater  part  "of  volcanic  origin  * 
Though  atmctarally  conformable  with  the  Conchiching  aeriea,  the 
appearance  of  paralleliam  may  be  the  readlt  of  folding  and  presaare. 
The  diverse  character  of  the  rocka  of  the  two  aeries  ia  proof  of  a 
profound  alteration  in  the  conditions  of  rock  formation,  which 
implies  a  geological  break. 

Retarding  the  ayatems  in  order  of  superposition,  he  arranges 
tbem  thus: 

Kewenawan  (Nipigon). 
Huronian  (Animike). 
Kflwatin. 
Conchiching. 
Lauren  tian. 
But  regarding  tbem  in  the  order  of  age,  they  would  stand  thoa: 
Kewenawan  (Nipigon). 
Hnroninn  (Animike). 

Diabaee  dykes  and  gabbro. 
Granite,  post-Laurentian. 
Laurentian. 
Kewatin. 
Coachicbing 
1888.    Dr.  Lawaon'a  final  report  on  the  geology  of  Bainy  lake 
region  appeared  in  1688.};    This  thoroughly  scientific  memoir,  in 
the  discusaion  of  doctrines,  is  devoted  rather  to  the  strengthening 

■Ttali  ooovenleDt  and  npproprlaM  term  has  boen  used  in&ny  years  b;  th«  preaent 
writer.  This,  as  also  "Kraaullle  schUt,"  are  given  la  hU  "Geological  Stadlea."  pp  SI 
74.  IB.  etc  1888. 

tBetler  CouehitAlno.  for  reasona  stated  above. 

tOtoloakal  and  Natural  HMorv  Sttney  of  CanaOa.  Anoual  Bepott  (N«w  Series)',  to! 
m.  Part  1,  pp.  182,  wltb  a  map. 
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of  poaitioDB  previoaBlf  aaaamed  than  to  the  elimination  of  oeir 
views,  and  thos,  in  apite  of  its  valoe,  does  not  seem  to  demand  more 
than  the  citation  of  a  few  paaBBgea.  AmoDg  the  facts  however, 
-which  possess  greatest  interest,  are  some  ooonrrences  of  a  conglom- 
«rate  which,  as  nearly  as  may  be  judged,  is  an  extension  of  the 
Ogishke  conglomerate  of  Minnesota. 

"On  the  shores  of  Bat-Boot  bay,  the  basal  beds  of  the  Keewatio 
are  pebble-conglomerates,  of  which  the  paste  is  a  green  schist,  and 
the  pebbles  mostly  water-worn,  rounded  or  oval  pieces  of  vitreotu 
or  saccharoidal  qnartz.  Some  of  the  pebbles  are  feldspatbic,  and 
irhen  BO,  are  occasionally  foliated.  On  the  south  shore  of  the  bay, 
boulders  of  granite  are  observed  to  form  part  of  the  conglomerate, 
one  boulder  being  at  least  eighteen  inches  in  diameter,  and  of  a 
roughly  rounded  ehape"  (pp.  38,  82,  105). 

Again  on  Grassy  lake,  the  basal  beds  of  the  Kewatin  "are  fissile, 
soft,  green-chloritic  and  hornbleudic  schists,  the  detrital  origin  of 
which  is  established  by  the  fact  that  on  the  north  side  oE  the  lake, 
they  constitute  the  paste  of  a  pebble-and  boolder-conglomerate" 
^pp.  55,82).  This  conglomerate  is  much  more  voluminous  on  the 
north  side  of  Shoal  lake. 

Among  the  soft  fissile,  glossy  gray  schists  of  the  Kewatio  series 
at  the  west  end  of  Schist  lake,  there  are  several  beds  of  oonglom- 
«Tate,  the  pebbles  of  which  are  mostly  qaartz  rock,  and  the  matrix 
«  soft,  more  or  leas  calcareous,  decomposed  schist,  stained  yellow- 
ish with  oxide  of  iron. 

He  notes  the  parallelism  of  the  two  series  and  eajrs  again,  this 
affords  but  little  evidence  of  original  cooformity;  and  relies  npoD 
the  abrupt  lithological  contrast  for  evidence  of  a  historical  break. 
TThe  conglomerate  he  regards  Ets  a  basal*  conglomerate  "in  which 
the  pebbles  have  very  probably  been  derived  from  the  underlying 
formation"  (pp.  66,  105). 

He  notes,  what  has  also  been  observed  in  Minnesota,  that  the 
series  of  oryBtalline  schists  is  quite  inconstant  in  its  occarrenoe. 
Sometimes  the  Kewatin  rests  on  the  gneiss,  and  then  the  basal 
member  is  likely  to  be  hornblende  schist.  But  this  schist  is  apt 
-to  be  wanting  when  the  Kewatin  rests  on  mica  schist  (p.  38). 

Of  the  hornblende  schists  he  says: 

"There  is  much  presumptive  evidence  in  favor  of  the  vieiv  that 
they  are  partly  altered,  massive  rocks,  and  partly  altered,  volcanic 
aah-beds  (pyroclastic),  bat  little  or  none,  that  they  are  the  altera-. 
-tioQ  prodnots  of  clays  or  other  forms  of  detrital  matter." 
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The  changes  andergoDe  have  beeD  bo  profound  that  the  origioal 
character  has  been  deatroyed.andanewrockoEdiffereDtooDBtitDeiit 
minerals  has  crystallized  in  situ.  Freaanre  and  crashing  may  have 
been  potent  in  the  destraction  of  the  original  straotnre;  but  in  the 
later  history,  chemical  or  metamorphic  forces  hsTe  been  chii;fly 
active,  and  have  obliterated  all  the  traces  of  crnshiog  (p.  73). 

Of  the  soft,  fissile,  green  schists  he  says: 

"These  are  schists  closely  resembling  the  paste  of  some  of  the  con- 
glomerates. They  are  asually  distinctly  bedded.  Their  clastic 
origin  can  scarcely  be  doabted,  thoagb,  as  in  the  paste  of  some  of 
the  conglomerates,  their  association  with  bedded  traps  and  their 
mineralogical  analogy  with  the  altered  phases  of  those  traps,  ren- 
ders it  extremely  probable  they  were  never  ordinary  clays,  bat 
were  originally  fine-grained,  Tolcanio  aeh-beds,  the  constituent 
minerals  of  which  have  suffered  alteration  and  decomposition 
along  the  same  lines  as  those  observable  in  the  traps"  (p.  82). 

He  finds  few  serpentinea.  Their  relations  to  the  rocks  adjoin- 
ing them  are  ill-defined.  They  appear  to  be  the  alteration  pro- 
ducts of  igneous  masses  which  have  the  same  geological  age  as 
the  traps  and  other  volcanic  rocks  of  the  Kewatin  series;  and 
although  their  common  boss-like  character  suggests  that  they  are 
intrusive  tbrougb  the  Kewatin  rocl^s,  such  intrusion  has  probably 
taken  place  coeval  with  the  bedded  formations,  volcanic  and  sedi- 
mentary, of  the  Kewatin  (p.  97). 

In  reference  to  the  relations  of  the  Ck>uchiching  series  to  tha 
Kewatin  and  Laurentian,  he  remarks: 

"Without  being  able  to  conclusively  prove  it,  there  appears  to 
be  much  presumptive  evidence  in  the  facts  cited,  to  show  that  the 
present  eminently  crystalline  state  of  the  Ooatchiching  series  is  the 
result  of  the  metamorphism  of  strata  which  were  originally  in 
large  part,  ordinary  qaartzose  sediment,  although  part  may  pos- 
sibly have  l>eeQ  acid  volcanic  rocks,  such  as  gaartz-porphyries  or 
felsites.  In  many  parts  of  the  series  garnets  abound,  and  if  the 
rocks  were  carefully  examined,  other  metamorphic  minerals  would 
doabtlesB  be  found.  That  percolating  silioions  solutions  were 
active  agencies  in  effeoting  the  metamorphism  of  these  strata,  i» 
proved  by  the  fact  that  in  many  places,  particularly  on  the  north 
side  6t  Saginaw  bay  and  east  of  Brnl6  narrows,  the  partings  be- 
tween the  beds  have  served  as  fissures  for  the  deposition  of  vein- 
quartz.  This  vein-quartz  is  very  abundant  in  lenses  or  lens-Iike 
sheets,  and  is  clearly  a  seoonlary  product  in  the  rock.  The  same 
watery  aolations  which  deaposited  the  quartz  in  these  lenses,  in 
the  more  open  portions  of  the  formation,  must  have  saturated  tho 
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rock  tbroaghoat,  and  given  riau,  probably,  to  maoh  of  the  quartz 
and  feldspar  in  it.  Only  in  one  inatance  has  hornblende  been 
obBerTed  thronghoat  the  whole  series.  There  sre  no  intercalations 
of  basio  volcanic  rooks,  and  none  that  can  now  be  distiDOtly  recog- 
nized as  acid  Toloanio  rocks.  There  are  no  limestooea  or  dolomites 
in  the  series,  nor  have  any  conglomerates  been  obserred."  (p,  105.) 

The  sabject  of  inolasions  in  the  Laareottan  gneiss  is  very  partic- 
ularly treated.  These  gneisBes,  Imthof  the  granite  and  the  syenite 
type,  frequently  consitate  a  matrix  in  which  angular  fragments  of 
schists  are  inclosed.  These  are  most  abandant  in  the  vicinity  of 
the  lines  of  junction  with  the  overlying  schists.  The  included 
fragments  may  belong  either  to  the  Gouohiching  or  Kewatin  series. 
Along  the  zoue  of  contact,  apophyses  or  dykes  from  the  gneiss 
penetrate  the  contignoas  sheets.  These  facts  are  thought  to  prove 
that  the  inclnsioos  are  simply  detached  portions  of  the  overlying 
formations  "which  in  a  firm  and  brittle  oonrlition,  have  become 
immersed  in  the  underlying  viscid  magma,  which  sabaeqiieDtly 
crystallized  out  as  the  Lanrentian  gneiss  and  gracite.  It  seems 
probable,  too.  that  snob  shattering  and  detachment  of  fragments 
took  place  at  the  last  stages  of  crumpling  of  the  crost  in  this 
region.  .  .  After  the  solidification  of  the  Lanrentian  gneisses, 
there  was  no  farther  very  violent  deformation  of  the  cruet,  for  the 
Laareutian  rocks  appear  to  have  resalted  from  the  fusion  not 
simply  of  the  floor  apon  which  the  Coatchiohing  and  Kewatin  rook 
first  rested — what  ever  such  floor  may  have  been* — but  also  with 
it  of  portions  of  those  series"  (pp.  130,  131  ).t 

1890.  Early  this  year.  Dr.  Lawson  published  a  thoughtful  and 
important  memoir  on  the  internal  relations  and  taxonomy  of  the 
Arohnan  of  Canada.^  He  discusses,  first,  the  separability  of  the 
Arcbssan  into  two  divisions,  which,  with  subdivisions,  would  pre- 
sent the  following  scheme: 

•Tha  reoogDltloQ  ot  Ihe  necegslty  of  t,  "flimr"  on  whl.;h  the  marine  BedlmeDla  could 
bare  rested,  U  a  tacit  admlaalon  ol  the  existence  ot  a  geological  formallon  older  than 
thiitturmed  from  the  sediments.  To  Buy  that  we  know  nothing  ot  that  solid  floorei- 
cept  as  an  Interence,  Is  the  same  as  we  musC  say  about  the  tornier  fused  or  plastic 
OODdltlon  of  the  granttes  and  gnelsseH.  The  Indlcallona  of  such  plastlcil;  afford  uo 
■trongorbaals  for  the  Inference  than  the  Indisputable  necessity  ot  asolld  non-lgneons 
sea-botUim  to  support  the  waters  ot  a  sediment- laden  ocean.  We  have.  In  leasoo,  In 
both  cases,  sntlstactory  ground  for  a  conclusion,  and  In  both  oases,  proot  from  obser- 
vation la  precluded.  In  fact,  the  coucluslon  that  molten  masses  of  granite  emerged 
through  or  Into  beds  ot  strata  already  existing,  possesses  the  same  kind  ot  support  as 
the  conclusion  that  a  solid  foundation  earlier  existed  tor  the  penetrated  strata  to  ac- 
cumu lata  upon.  It  Is.  In  short,  demooal^able  that  the  schists  have  no  claim  to  be 
reckoned  first  In  the  order  ot  time. 

tPhenomenaof  theolusliere  described  have  also  been  fully  detailed,  with  many 
Illustrations,  from  the  oontlgous  territory  ot  north  era  Minnesota.  See  FtfUtntA  had 
Slaeaith  ^nnuul  Rcporti,  fioA.  Surr.  Ifitin.,  1^66, 1887. 

tButtetiaof  the  OeoUnfleai  Soetttv  of  Ameriai.  pp.  IT^-194,  March  20. 
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ABCH^AN. 
Ontarian.        [Now  fint  proposed.] 

KAweniBD.*    [Nipigon.] 

Harooiaii.    [Animike.] 

Kewatin.*     [Often  coDfoocded  with  Hnroniui] 

Couchiflhing.*    [YermilioD  of  N.  H.  WiDohelL] 
IjBiiTentiaD. 
In  preBenting  a  petrogrnphioal  description  of  the  members  of 
the  Ontarian  division  he  says  of  the  hornblende  Bobists: 

"The  field  eTidenoe  points  ta  their  derivation  from  basic  volcan- 
ic* rocks,"  and  cites  examples  from  Norway  and  Scotland  tending 
to  prove  "the  derivation  of  the  bnlk  of  the  hornblende  schists  from 
normal  volcanic  massive  rocks,  which  were  originally  bedded  with 
other  stratified  rocks,  either  as  flows  or  as  injected  sills.  Other 
hornblende  schists  are  probably  derived  from  an  «oal<^;^aB  slter- 
stionof  tuffs  of  basic  volcanic  rocks"  (p.  179). 

As  to  the  extent  of  the  inflaence  of  metamorphism  in  the  Onta- 
rian system,  Dr.  Lawson  offers  reflections  -which  narrow  the  gap 
between  him  and  the  metamorphio  school.     He  says: 

"In  deference  to  these  [plntonists]  and  other  anti-metamorpbio 
schools  of  thought,  in  which  for  the  most  part,  theory  seems  to 
crowd  out  fact,  it  becomes  necessary,  with  the  accumulation  of  evi- 
dence of  recent  years,  to  point  out  the  great  additional  strength 
acquired  by  the  theory  of  metamorphism  as  applied  to  the  Archaau 
by  the  recf^nition  of  the  volcanic  origin  of  much  of  the  material 
upon  which  metamorphio  agenoies  have  operated,  and  by  the  limi- 
tation of  its  application  to  the  upper  division  [Ontarian]  of  the 
Arcbsean;  the  rooks  of  the  lower  division,  or  Lanrentian,  being 
susceptible  of  an  entirely  different  explanation.  The  lack  of  dis- 
crimination between  the  essentially  different  characters  of  the 
upper  and  lower  ^rchtean,  and  the  lumping  of  the  whole  complex 
together  as  having  necessarily  the  same  origin  and  development  has 
been  the  great  mistake  alike  of  the  metamorphic  and  the  ex- 
treme plutouic  schools.  Just  as  the  metamorphic  theory,  properly 
limited,  affords  the  explanation  of  the  development  of  the  roc^a  of 

'Keweclfta  IsDot  namtid  In  tbls  DUUDectioQ,  but  Id  previous  docu  men  la  It  Is  put  Id 
tbe  position  here  Indicated. 

Although  tills  sIlffhtljT  slmpllHed  orthographr  of  three  of  tlieB«dlTlBlODa  Is  hero  used 
by  the  writer,  the  terms  are  considered  the  samn  ua  those  employed  by  Dr.  Lawson. 

In  writing  of  tbe  Couchlebing  series,  lur/rblch  the  name  "Vermilion  series"  was 
employed  by  N,  H.  WInchell  about  the  same  time  aa  proposed  b;  Dr.  Lawson.  he  takoe 
occaeloa  to  express  regrets  tlial  tbe  present  wrltor  hud  used  "VermlUoo  series"  and 
"VernilUon  system"  "In  a  much  nioro  comprebenslve,  but  Bllll  undeBned  sense."  It  la 
proper  to  sny  that  those  expressions  were  not  Intended  aa  taionomlo  In  value,  but 
simply  as  geographical,  referrlngto  the  whole  assemblage  of  rocks  about  Vermlllm 
lake. 
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the  tipper  Archseao  from  aormal  (ormatioDs,  bo  by  a  eimilar  limita- 
tion of  the  plntonio  theory,  and  the  introduction  of  some  modifying 
oonsiderations,  we  will  find  in  the  latter,  a  rational  and  ooDBistent 
explanation  of  the  origin  of  the  rocks  of  the  Laarentian"  (p.  181  )• 

In  another  memoir.  Dr.-  Lawaon  has  recorded*  important  obser- 
vations OD  the  pre-Palseozoio  surface  of  the  Arcbfean  terranes  of 
Canada.-  The  surface  known  as  roohea  mouionn^es,  generally  st- 
tribated  to  the  action  exerted  during  the  last  glaciation,  is  seen  to 
have  existed  when  the  Paleeozoio  sediments  were  laid  down — form- 
ations of  whatever  age  adapting  their  ander  sarfaoee  to  the  bossy 
sarfoce  of  the  Arohieati. 

Another  announcement  possesses  similar  interest.  Vestiges  of 
Palseozoio  strata  are  now  known  in  so  many  districts  resting  in  the 
protected  depressions  of  the  Arohtean,  that  it  appears  probable  that 
a  large  part  of  the  Archiean  sarfaoe  was  once  covered  by  a  blanket 
•of  foBsiliferons  rocks.  In  this  view,  the  region  which  we  call  the 
ArohsBan  nucleus  of  the  continent  was  not  visibly  such  until  after 
a  vast  amount  of  denudation;  thoogh  of  course,  it  really  existed  as 
a  grand  swell  in  the  fundamental  structure  of  North  America.  A 
inrther  inference  from  such  a  fact  is  the  certainty  that  the  material 
of  the  Palraozoic  sediments  was  derived  from  some  source  now  lost 
to  view. 

It  becomes  necessary  to  bring  to  a  olose  our  citations  from  the 
views  of  American  workers  on  the  nature  and  history  of  the  older 
rocks.  Though  the  undertaking  has  produced  more  voluminous 
results  than  were  anticipated,  there  still  remains  a  large  body  of 
valuable  opinions,  to  which  justice  demands,  probably,  that  some 
reference  be  made — opinions  txith  of  those  who  have  been  quoted, 
and  opinions  of  others  who,  thus  far,  have  been  but  incidentally 
mentioned.  Begretting  the  necessity  for  these  omissions,  the  com- 
piler hopes,  nevertheless,  that  what  has  been  presented,  may  prove 
useful  to  many  students  in  this  difficult  field  of  inquiry. 

ERRATA. 


PagA  77— For  "Buooides"  read  Fuonidee. 

Pa^   88 — For  "It  ie  iiit«tid«d"  read  It  is  not  intended. 

Page  106 — After  "Oeorgia  trilobitee"  iusnt  to. 

Fags  nS-Dele  "[4T'  end  five  Jinec  Utow  eubeUtute  [i]  for  {Sy 

Page  126— Last  line  for  x  read  plus. 

Page  207— For  "reeente  the  followiDg"  read  preeents  the  CoIlowiDg. 


•Bun.  Oeci.  Soe.  Amer.  1S^1T4,  March  12.  II 
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and  on  the  General  Museum,  by  W.  H.  WinditU;  Geology  of  Minnehaha  County, 
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Bibliography  ot  tbe  Foramlnlfera,  recent  and  fossil,  hy  .JntAofiu  IFooduard. 
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vsr  or  HiKNKBOTA,  rOH  TBE  rsAR  1888.  pp.280;  8vo.:  ten  text  illustrations.  Con- 
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of  progress  made  lu  the  study  of  their  field  relations,  with  a  bibliography  of  recent 
vorbs  on  the  crystalline  rocks:  report  ot  H.  V.  WiiiOuil,  field  observations  In  the 
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icine, LyoD,  Lincoln,  Big  !4tone,  Lac  qui  Parle  and  Le  Sueur  counties,  by  Warreu 
Upham.  Distributed  gratuitously  to  all  puhUo  libraries  and  county  auditor's 
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Information  on  the  flora  of  the  stale,    1878, 


jyGoot^lc 


234  EIGHTEENTH  ANNUAL  REPORT. 

(.  ClRCDiiAH  No.  3.  Tbe  eBtabllBhmentand  organlxatLon  of  the  Hiueum.  IKH. 
T.  CiDCDi^R  No.  4.  Relating  to  dupllcatos  In  the  Museum  and  exchanses.  1STB. 
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ADDRESS. 


THE  UNIVERSITY  OP  MINNESOTA. 

Minneapolis,  August  1.  1891. 
2b  the  President  of  the  University: 

Dbak  Sir-.  The  niDeteenth  aDnual  report  of  the  Creological 
and  Natural  History  Survey  of  the  state  is  herewith  presented 
The  larger  part  of  the  year  was  devoted  to  the  preparation  and 
the  publication  of  the  report  on  the  iron  ores  of  the  state,  em- 
braced in  Bulletin  No.  6,  which  was  finally  issued  in  April, 
1H91.  Into  this  (accompanying)  report  are  gathered  therefore 
various  reports  and  papers  that  have  accumulated  in  the  pro- 
*  gresB  of  the  survey,  and  some  lists  of  specimens  and  publica- 
tions, the  printing  of  which  will  be  a  great  convenience. 
Respectfully  submitted, 

N.  H.  WiNCHELL, 

State  Geologist  and  Curator  of  the  General  Museum. 
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NOTE. 

This  transliition  is  the  work  uf  several  persons.  Begun  in  1880  by  the 
iindersiffDed,  it  was  suspended  because  of  the  urgency  of  other  duties.  It 
was  resumed  and  carried  on  In  ISST  by  bis  dauKhter  (dow  Mrs.  F.  N:  Stacy), 
wbo  in  turn  surrendered  it  to  Miss  Mary  Blauchard,  and  by  her  io  1889 
war:  flniahed  the  first  Eagllah  copy.  It  has  recently  been  re-compared 
with  the  original  hy  Mr.  Herbert  A.  Wood,  and  a  final  revision  and  cor- 
rection have  been  made  by  the  writer. 

In  Its  present  form  this  work  will  be  constantly  useful,  not  only  to  the 
collaborators  of  the  survey  In  Its^iaminatlonsof  the  crystalline  rocks,  but 
to  nitnii'rous  petrographic  students  in  America  wbodo  not  ha veeasy  access 
to  the  original.  The  worlc  of  Bortcky  muKt  always  remain  the  headlight 
of  any  train  of  similar  researches  which  may  follow  It — a  train  which  bas 
recently  received  some  Importiint  accessions  at  the  hands  of  Fouquf"-. 
Streng,  Bebrens  and  Benard.  Messrs.  Levy  and  La  Croix  have,  lastly, 
arranged  all  of  the^e  methods  In  systematic  order  in  their  late  work,  Les 
mineraux  lUs  i-oches  (Chapter  VIII),  and  tclhia  the  student  Is  referred. 

N.  H.  Wdjciibll, 
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istrj- 01 
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INTRODUCTION. 

Like  a  blazing  meteor  appeared  the  microscopic  examination 
of  minerals  and  rocks,  in  the  horizon  of  inorganology.  It  ere-  ' 
ated  surprise  by  the  sudden  insight  which  it  afforded  into  the 
internal  nature  of  such  minerals  as  had  been  subjected  in  vain 
to  manifold  hypotheses  as  to  their  differences  of  composition; 
it  created  surprise  by  its  unexpected  disclosures  concerning  the 
existence  and  origin  of  several  crypto-crystalline  rocks,  of  the 
nature  of  which  erroneous  ideas  had  been  held  for  nearly  a  ban- 
dred  years  before;  it  illuminated  many  a  crooked  way  which  had 
been  pursued  in  the  science  of  lithology;  but  it  also  supplied 
means  for  judging  of  the  genetic  relationships  of  minen^  and 
rocks,  concerning  which  no  one  before  ventured  to  speak 
without  apprehension  of  much  criticism.  Therefore  it  gave 
rise  to  the  hope  that  in  it  had  been  found  the  pathway  which 
would  lead  to  a  sure  knowledge  of  the  mineral  world,  though 
concealed  by  an  apparently  impenetrable  veil. 

This  hope,  which  must  have  taken  possession  of  most  miner- 
alogists and  geologists,  seemed  to  come  at  once  into  realiza- 
tion, inasmuch  as  Vogelsang's  Fhiloeophy  of  Geology '  and 
Zirkel's  classic  work  ^  on  the  basalts  followed,  as  well  as 
Fischer's  critical  micro-mineralogical  studies,*  and  the  pio- 
neer work  of  Sorby*,  for  from  this  time  the  investigation  of 

1.    Boon,  I8S7. 

I.    Bonn,  IIRD, 

i.   Freiburg,  ISH)  and  1871. 

4,  "On  the  mloroscoploal  itudleH  of  srjBtalB,  Indltnting  the  orlglD  of  mloerBla  and 
rooks."  Quart  Jmim.  of  Iht  Oeol.  Soe.  Lonion,  UB8.  The  microscope  had  already  been 
used  toward  the  ecd  of  the  elfthteeiith  cflDtnTj  tor  the  detennlnatloa  of  Isolated  por- 
tloiu  of  orypto-crjatBlIIne  loclu,  br  Dolomleu  and  Plerleu  ol  Bellevue.  but  powdered 
rock  only  was  ihe  object  under  laTestlgatlon.  Thereupon  the  "sohlemm  process" 
with  an  Investigation  of  the  parM  separated  by  "schleniin,"  was  advooated  by  Beveral 
Freucb  geologlsiH.  And  this  operation  employed  bj  Oordier  (IBIS)  on  an  enlarged 
scale  reoelTed  an  Important  exteoalon  In  a  ohemical  treatment  of  the  rock-powdor- 
Battbe  flnt  crystalline  thin  seotlons  which  were  submitted  to  the  study  of  their 
inner  structure  appeared  to  be  those  of  cbiastoUte,  which  Oerhard  (acoordlng  to 
Fischer's  statement)  had  Investigated,  bat  only  In  refleoted  light.  William  Niool 
mads  the  first  Investigation  of  a  thin  section  In  transmitted  light,  and  proposed  a 
method  for  the  display  of  tbin  sections;  but  a  searcblog  study  of  the  nature  of  the 
limer  structure  of  mlnarala  was  made  flnt  by  David  Brewster,  who  Interested  himself 
patUouIarly  concerning  the  petrologloal  significance  of  Said  Incloslona,  and  also  rec- 
ognlied  already  the  Importauce  of  microscopical  Investigation  In  polarized  light. 
Brewster  may  be  regarded  as  the  true  forerunner  of  Borby,  altbongh  taluroaooplc  In- 
▼Mtl(»tioni  of  minerals  and  rocks  were  undertaken  before  Sorby  (by  Q.  Rose,  Soheerer, 
Jeosoh,  Enope,  von  Batb  and  othera] 
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minerals  and  rocks  sprang  into  active  lite.  Microscope  and 
lathe  have  been  accepted  and  industriously  employed  as  indls 
pensible  implements  in  the  special  researches  of  mineralogists 
and  geologists.  Numerous  minerals  have  been  examined  in 
respect  to  their  internal  structure,  by  means  of  this  new 
method  of  Investigation;  in  various  countries  the  investigation 
of  larger  and  smaller  rock-complexes  was  begun  according  to 
the  new  method,  or  individual  kinds  of  rocks  united  under  one 
name,  were  subjected  to  this  new  test.  And  in  three  years  the 
scientific  material  increased  so  greatly  that  Zirkel,  in  the  year 
1678,  found  himself  impelled  to  collect,  and  make  accessible  to 
his  co-laborers,  the  scattered  resultfi  of  these  researches  on  the 
constitution  of  rocks  and  minerals,  by  means  of  a  splendid 
text  book. ' 

Bat  the  scientific  effort  which  showed  itself  In  so  rich  a  de- 
gree in  the  direction  mentioned,  led  soon  to  the  knowledge  that 
in  this  path  there  were  yet  large  gaps  which  must  be  filled  op 
or  at  least  bridged  over,  if  a  sure  step  forward  would  be  taken. 
And  in  response  to  this  generally  felt  need,  Rosenbusch*  hast- 
ened to  place  a  practical  guide  in  the  hands  of  microscopic 
mineralogists  and  geologists,  in  order  to  place  before  their 
eyes,  through  the  weU  ordered  collection  of  diitgnoses  of  the 
rock -bearing  minerals,  as  far  as  at  that  time  possible,  a  clear 
picture  of  the  territory  then  known,  and  in  an  indirect  way  to 
make  evident  to  them  the  uncertain  spots  and  the  gaps. 

The  next  result  of  these  endeavors  was  a  work  in  the  micro 
scoplc  research  of  minerals  and  rocks,  elevated  high  above  the 
common  level,  which  substantially  enriched  our  knowledge  in 
many  directions,  especially  in  respect  to  the  micro-structure  of 
rocks.  It  gave,  however,  occasion  for  many  complications,  in 
that  often  in  place  of  positive  results,  only  the  old  pillars  of 
knowledge  were  overthrown  and  the  insufficiency  hitherto,  of 
our  means  for  new  structures  either  piAilic  or  private  was 
shown,  or  in  that  only  temporary  buildings  were  erected  upon 
the  old  foundations. 

It  would  be  reasonable — certainly  in  the  light  of  the  start- 
liog  variety  which  Zirkel  brought  to  notice  in  the  basaltic 
rocks — to  expect  that  there  would  be  considerable  difference 
also  in  other  rocks  heretofore  united  under  one  name,  and  that 
perhaps  there  would  inevitably  appear  In  respect  of  some 

1.  The  mlcroacoplc  struoture  of  nilnerkls  uid  rooks.    Leipzig,  1S7B. 

2.  HIcrOBCoplo  FhTsiogTaptaj  of  tbe  petn>KTaphicall7  Important 

fcart,  1 87 J. 
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kinds  of  rocks,  a  separation  into  many  species,  and  in  other 
kinds  a  union  of  species,  but  no  one  dreamed  of  the  diffi- 
culties which  arose  concerning  the  degree  of  similarity  which 
is  necessary  for  the  embracing  of  many  groups  of  rocks  under 
a  common  name,  concerning  the  relations  of  geological,  miner- 
alogical,  chemical  and  structural  principles,  upon  which  a  nat- 
ural system  of  rocks  must  be  based  in  order  to  produce 
harmony.  And  the  cause  for  these  difficulties  is,  according  to 
my  opinion,  to  be  found  in  general,  in  the  constant  extension 
of  our  petrological  knowledge.  In  particular,  however,  in  the 
deficiencies  which  are  found  in  our  microscopic  methods,  and 
which  make  their  employment  difficult  or  uncertain,  often  per- 
mitting only  a  subjective  conception  of  the  object  under  inves- 
tigation. 

Among  these  difficult  (because  incomplete)  relations,  Las- 
saulx  undertook,  in  an  excellent  accurately  compiled  text- 
book,* devoted  especially  to  the  first  work  in  the  study  of 
petrology,  to  bring  the  results  of  rock  researches  Imown  up  to 
that  time  into  systematic  order.  But  if  one  turn  over  the 
leaves  of  this  text-book,  suitable  to  any  case,  and  go  through 
the  microscopic  diagnosis  of  individual  minerals  and  rocks, 
he  will  be  led  involuntarily  to  the  above  mentioned  conclusion, 
that  there  is  yet  much  to  be  accomplished  upon  the  path  lead- 
ing to  the  right  end,  before  a  secure  and  easy  advance  towards 
it  will  be  possible. 

If  we  bear  in  mind  the  present  standponti  of  microscopic  rock 
research  as  it  is  set  forth  in  the  last  mentioned  text-book,  and 
in  those  of  Rosenbusch  and  Zirkel,  we  are  obliged  first  of  all 
to  note  great  increments  to  the  knowledge  of  the  micro- 
structure  of  rocks,  the  micro-structure  and  other  properties 
associated  with  it,  of  the  rock-making  minerals;*  and  also  in  the 

1.    Elamante  der  Petrographle.    Boan,  ISTC. 

3.  Id  regard  to  tbe  koowledge  □(  the  mlcro-atruoture  ot  mlnerola  and  rooks.  Zlrke) 
has  unqaeaUoaably  deaerred  the  title  ot  master.  His  works  wbloh  appeared  before 
the  rear  1873  are  Id  his  hand-book : "  The  Ulcroscoplc  Properties  of  Minerals  aad  Books. 
Elcarped  aod  Cited."  Aod  amoog  his  lat«r  works,  those  od  the  compoaitlon  ot  EersaD- 
ton  and  the  structure  of  Varlollte  (Ber.  d.  koagl.  alchs.  Ges.  d.  WUseosch.  Julr  18TS). 
and  on  Phyllit  v.  Beobt  Im  hoben  Venn  (Verb.  d.  naturh,  V.  d.  preuss  Bhl.  XXX.  (I) 
should  be  meDtloned.  Also  to  KoaeDbuBOh'B  above  meutlaoed  work  lu  wblcb  his 
earlier  works  are  ooted,  we  bare  to  add— besides  his  great  work  "  Abbandlungen  lur 
geolog.  8peclalkarte  von  Elsasa-LothrtoKen,"  which  I  received  from  his  trlendlj 
band  during  tbe  last  few  days— a  valu able  treatise  "on  tbe  Gomposltlon  sad  Structure 
of  GraDlIlo  rooks,"  (Zeltsobr.  d.d.  geolog. Oes.  IBTB)  to  whioh  hsTS  been  added  two  very 
important  works  by  U.  A.  Ulohel  Uvy  (.Structure  mlcroeooplque  dea  roohes  SDCleDBes. 
Bull,  soc,  geol.  Prance  (3)I[I.  iW-23e.13!'4.  and  U^iuolre  aur  lea  d^rers  modes  de  strnc- 
tarede  rochea  eruptlT-es.  Paris  (DODod.  «dlteur)  ISTG,  relating  to  the  same  aubject, 
BcBldea  Borby's  already  meotloned  pioneer  work,  tbe  following  treatlsea  of  tbe  same 
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application  of  those  optical  properties  which  are  conQected 
intimately  with  the  laws  of  individual  systems  of  crystals,  to 
the  microscopical  stady  of  rocks  there  are  (through  the  efforts 


polyteoho.  8oc.  ot  tba  West  Biding  ot  Torlubire  1H3;  on  tho  mlcnwc.  struct  of  tbe 
meteorites,  (Proceed.  Bor,  Boc.  LiondonlSM);  on  the  itnioture  at  Bnblea,  BsplAlrM. 
DIamoDda  sni]  some  otber  mlnerBla  (Proceed.  Bor.  Boc.  LoDdon,  ISN). 

OontrlbutlODS  by  other  lavestlgators  hftTc  been  made  ooDoeralng  the  knowledge  of 
tbe  mloro-atmotureoC  lodlTldasl  mlueralHRDd  rooks,  of  &  Ute  date:  Allport  I Phon. 
Tom  Wolf -Book.  Oeol.  Hag.  N.^l  Fechsteln  t.  Ann, Qeol.^ag..  1872,  tX.  Brit.  Daleiite. 
Qaurt.  J.  of  the  Oeol.  Soc.  London.  IBTl),  Auger  (Blast.  Qest.  Tsohermaok's  HlneraJog. 
Hltlb.,  18TS).  ArtopA  (Tr»ch7te  der  Aaden,  Diss.  Berlin,  1871).  Behrena  (Oranatelne.  N 
Jahrb.  IBTl;  Opale.  Wlen.  Akad.  IBTl).  Bertelea  (Eln  neues  rulk,  Oest.  Diss.  Wairbuis. 
1874),  Uohen  (Oeoga.  petrogr.  Sklizen  a.  Stkdafrlka.  N.  Jabrb.  Itfli),  Oreduer  R.  (Orfluchle 
terT.HalnlcbeulnBBohaen.  Scblefertfaooe  u.  Thone.N.  Jahrb.  IBTS),  Dana  (Trap  Booka 
of  the  Oouneotldnt  Valley.  Prooeed.  at  the  Amer.  Aasoo.  for  the  Adv.  of  Solenca. 
Hartford  meetlog.  ISTi,  N.  J.,  187S).  Dathe  (Diabase.  Dissert.  Serpentine  u.  Ekloglte  d. 
saeoha.  Qranulltgeblntes.  N.  Jahrb..  1870).  Doelter  (Traohyte  dea  SlebenbOj^.  Engeb. ; 
Traohft«  v.  TokaJ-Epertes.  Taohermak-a  Mlu.  Mltth.,  187*;  Uelaphyre  aadoat-TIrols 
Jahrb  d.  geol.,  Relcbsanal.  Wlen,  IhTI,  u.  Tsch's  Ulu.  Ulttb..  ISIB),  HBannann.  Hela- 
phyre.  Diss,  Leipzig,  18TS),  Hebenstrelt  (Urgeet.  d,  nordi,  Sch wars* aides.  Dissert.  WOn 
burg.  WT),  EmonRlPhoii.d.  Veley  u.  Weaterwaldea.  M.  J.,1B7S),  Fouqu^  (leslocloskiiu 
Tltreosea  real.  d.  1.  feldapatha  dee  laves  de  Bantorln;  uneponode  VesuT;  les  nodules  l> 
ollgoklasdea  lavea  de  Santorln;  woUastonlt,  fassalt.  grenat  des  laTea  de  Santorln;  lea 
laves  dM  dykes  de  Thera.  Complea  reiidua  de  rAcutd.de  Be.  Paris.  IgTS'iaTH),  Gelnltc 
(Qtftnatelae  d.Saecbs.  Eng.  Tsch's  Mln.  Mltth.,  leTS).  OnmbellPslnol.  Erupt«at.d.Plcli- 
telgeb.  Hanoben.  1874,  Qeogn.  Ulttb.  a.  d.  Alpen.  filtigsb.  d.  k.  bayi.  Akad.,  1S7I>. 
Hull  (trlBohe  Qranlte.  Tbe  Geol.  Hag..  N.  J.,  1874;  Report  on  the  Chem.  HIn.  and 
MlcnMO.oharacCemof  tbe  laiaaof  VeauTluB,  from  1831-IBS8.  N,  J..  1878J.  Inostranieff 
(Vesuvlaven  v.  Spt..  1871.  Maen  u.  Apr.,  IBTSi  Kalkstelne  a.  Dolomite,  Tsch.'s  Uln. 
Hltth.,  1S7S),  KalkOTsky  (Felslte  u.  Peohstelne  Saohsens,  Tsob.'a  HIn.  Ulttb..  1BT4;  Fel- 
Bltphorpbyre  b-  LelpElg,  N.  J,,I8n;  Sallt.,  etc.,  Tsob.'a  MIn.  Ultth..lHTSi  GlLmmertrapp 
T.  Uelidorf,  isn;  grflne  Bohlefer  Ntederscblesleus,  N,  J..  18T(I:  Elnlge  Eruplgst.  d. 
sraoba.  Engeb.  N.  J.  ISTB),  Kenogott  lObsldlao,  Petersburg.  18efl  u.  1870).  Kooh  iDonau- 
traohytgruppen.  Budapest.  N.J.  1ST7),  v.  LassBulx  (V.  fiest.  d.  AuTorgne,  N.  J.  ISn- 
Igli.  Hemltbrboe  d .  Dep.  Fuy  de  D«me.  N.  J,  1874.  Eruptgst  d.  Vlcentlnlacben.  Z.  d.  d. 
genl.  Qbb.  1BT3I,  M,  L^yy  (Observ.  sur.  1'  origlne  des  rocbes  eruptlves.  Varlolite  de  la 
Durance.  Acad.;  Ketsanton,  Bull,  de  lu  soc.  j(«ol.  de  France.  187(1).  Llebe  (Diabase d. 
Volgclandea.  N.  J.  18701,  Liossen  (Forphyrolded.  Banws.N.J.  1S7T\  Mohl  (Bababur^: 
Sebeldaberg  b.  Bemageni  Bafal  b.  Weimar;  SDdweat.  AuslBufer  dea  Vogelsgeb;  Basalte 
der  rauhen  Alp.;  Baa.  u.  Phon,  Bachsenai  Bos.  der  preusa.  Oberlaualti;  Hauynbas. 
Id  Hessen;  Oest.  ThOrlngens.  N.  J.  1871-1875);  Nemlcar  (Erupgest.  v.  Basov  In  Mih- 
ren.  N.J.  1S77I.  Nledzwlediki  (Banater  Eruptgat.  Tach.'aUln.  Ultth,  18731  Petersen 
(Ortliist«lae,  N.J.  ISO),  v.  Bath  (Uonionl.  Bono.  187B;  Sjenltgeb.  f.  Dltr*.  Trachyt- 
geb,  Hargltta,.  etc.  Bonn.  1B7B.  Oeol.  Belse  n.  Cngarn.  Bonn.  1877),  lUnard  u. 
de  la  Tallle  Pouaaln  (Uimolre  sur  les  caraottres  mlu.  et  stratlgr.  de  roabes  plulonlen- 
neede  la  Belglque  et  de  I'  Ardenne  Fran^alse.  Acad,  roj.  Bruxelles,  ISTB).  Bothpela 
(DerOD.  Porphyrolde  Saohaens,  N.  J.  18771.  Butley  (On  some  struct.  In  Obsidian,  Per- 
lite  and  Leuolte,  B.  Mlcroao.  Boc.  ISTR.  Structure  d.  Keldsp..  N.  J.  18781,  Sandbetmr 
(Neph,  V,  Katzenbuckel,  N.  J,  1MB;  Baa.  u.  Dolerlte.  N.  J.  1870;  Apatit  Im  OlIvlDfela, 
Tachylyt  t.  HaesobOhl,  N.  J.  1871;  Kryst.  ,!le8t.  Nassau's,  Phya,  u.  Ued.  Ges.  Ku 
WOnb,  1B7B;  Dolerlt.  Sltib,,  d.  k,  bayr.  Acad.  18731,  Bauer  (Phon,  d.  canarlaChoD 
Inseln,  N.  J.  iSTSi.  Bteetistrup  {Dm  de  Nordenskloldake  Jaernmasser  og  om  Far«- 
komaten  af  gedlgen  Jaern  I  Basalt  KJobenhavn.  18Teu.  N.  J.  18b7),  Steliner  (Labra- 
dorlt  u.  Pegmst,  Berg-u,  Hactenm,  Z,  XXIX).  Streng  (Feldapatbstudlen,  N.J.  U?!; 
Forpbyrltev.  llsfeld,  N.  J.  IBT5;  Kryst.  Gest.  v.  Minnesota,  N,  J.  IBTTJ,  Tomebobin 
{Dlabas  u.  Qabbrogest,  Schwodena,  N.J.  1877),  TschBrmak  {Porphyrgest,  Oester- 
reloha,  Wlen.  leWi  Meteorit  T,  Lodran,  Pogg.  Ann.  1870.  Ueteorsteln  *.  Qoalpari. 
Wlen,  Acad.  1870;  Pyroxen  u.  Ampblbol.  Mln.  Ulttb  1B7I.  Meteorlten  v.  Btaii- 
nern,  Conatantlnopel,  Sbergotty  u.  Oosalpur.  Mln.  Ulttb.  1871),  Dmlautt  (Tbona- 
ohlefer,  Lotoe,  P/ag.   1878),   Vogelsang   (FlDaalgkeltaelDsoblaase  In   genrlssen   Mln. 
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of  Zirkel  and  Rosenbuscb,)  important  advances  to  be  noted.' 
There  were  indeed,  important  attempts  made  to  determine  in- 
dividual species  of  certain  groups  of  minerals,  merely  by  means 
of  optical  properties.  Tschermak^  first  alluded  to  the  fact 
that  the  oteervation  of  pleochroism  and  light  absorption  ren- 
dered important  service  to  the  separation  of  individual  branches 
of  the  amphibole  and  biotite  groups;  and  later  Desctoizeaux 
showed  how  a  member  of  the  feldspar  group  can  be  identified 
with  certainty  by  the  determination  of  the  position  of  tiie  chief 
direction  of  oscillation  in  the  known  thin  section  of  a  feldspar 
by  placing  it  in  the  mazimiun  extinction  of  light  between 
crossed  Nicols*. 

Accordingly  through  excellent  publications  very  important 
advances  have  been  made  in  modem  petrology  by  means  of  the 
employment  of  the  morphological  and  optical  properties  of 
minerals;  but  the  chemical  laboratory  which  should  reveal  to 
us  in  the  thin  sections  of  the  minerid  its  uniform  and  perma- 
nent characters  by  Uie  results  of  certain  tests  seems— unfortu- 
nately for  modern  petrology — to  refuse  its  aid.  Noteworthy 
attempts  have  been  made,  it  is  true,  in  the  latter  direction  and 
methods  have  been  proposed  for  the  determination  of  some 
rock-forming  minerals  in  minute  tests  or  thin  sections,  but 
these  vere  either  limited  to  a  very  few  minerals  or  in  tiieir  ap- 
plications were  of  no  specifd  importance. 

Indeed  Zirkel,  in  his  experiments  upon  the  basalts  has  fre- 
quently proved  the  insolubility  of.  the  minerals  in  acids,  by 
boiling  the  powdered  rock  in  muriatic  acid.  By  other  investi- 
gators thin  sections  were  boiled  in  muriatic  acid  or  treated 
with  cold  muriatic  acid;  many    important    phenomena  were 

Pogg.  Add.  16Wi  KrysUlllteu,  brag.  v.  Zirkel.  Bonn.  l«H\  Voldrlcb  (HercfD- 
Qnelsatorniatlon,  Jahrb.  d.  k.  k.  Ksol.  BnlohsanBt.  Wlen,  IBTE}.  Vrba  (Oest.  OrCn- 
IsDds.  Wlen.  Acad,  IBTB;  QranBlelne,  a.  d.  Adalbertl-Sch.  v.  Prtiuam,  Oest,  Z.  t. 
Berg,  u,  BOtteuw.  IBTll),  ZiackeadTBtb(KersaDtaii  t.  LangeusohTalbauh.  WOnboTg. 
ISTS).  In  (.■oncluslOD,  I  tblok  that  m;  works  Id  relatloo  lo  the  Basalt,  PbonoUth  and 
HelaphrTgeateliie  of  Bohamlaougbt  to  be  mentioned  (Archiv,  d.  naturwiss.  Laudes- 
durchf.  r.  BObemea.  1873.1875  u.  IBTB}. 

1.  Verr  noteworthy  are  Bosenboacb's  obaerratlone  In  his  deaorlptlon  bl  the  new 
mlcroBoope  tor  Dilneraloglaal;aiid  petrologlcal  reaearchee.    K.  Jarbb,  t.  Hln..  IBTB. 

!.    SItib.  d.  k.  Akad.  d.  W.  Id  Wleo.  B.  LIS.  T  Abth.,  1866. 

3.  ExBDisn  mianiscoplqos  de  I'ortboBe  et  dea  dlverB  feldapatba  trlollDlques.  Oomp- 
tea  rendus  deastaacasde  I'AoademIe  dea  Sclenaes  LXXXII,:  seanoeda  ler  Mai,  ISTO. 

Uemolre  lur  les  pioprlfitte  optlquee  btrAfrliigeuteB  caracteilBtiqueB  dea  quartre 
prlndpeaux  feldspathH  trlollniquee.  et  but  un  pnxtAi  pour  lea  dlatinguer  ImmAdl- 
■tenient  Iv  uans  dea  aatrea.  Ann.  de  Ohlm.  et  Phya.,  IV.;  ISTS.— Memolre  aur  I'ei- 
Istcnce.  lea  proprl^ttooptlqucH  etcrlBtallographiqaea.  ce  la  compotltlon  chlmiqii«  du 
mlcroollne.  nouvelle  eaptee  de  feldapath  trlcllnlque  i  base  de  potaaae,  aulrl  de  re- 
marques  aar  I'examen  mlorosoDplqua  de  rortboae  et  de  divers  CeldapathH  trlcUnlqneB. 
Amn.  de  Chlmle  et  de  Phya.,  IX;  18TS. 
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noticed,  such  as  effervescence,  separation  of  gelatinous  silica, 
and  the  solution  and  removal  of  turbid  secondary  products. 

Since,  however,  for  the  determination  of  the  insolubility  of 
a  mineral  in  acids,  no  fixed  law  was  decided  upon,  other  than 
the  carrying  out  of  the  same  experiments  under  exactly  similar 
conditions,  different  results  were  often  obtained  upon  the  same 
materials  by  different  investigators,  or  the  similar  results  were 
interpreted  differently. '  And  the  result  was  that,  instead  of 
establishing  the  conditions  (specific  gravity  of  the  muriatic 
acid  used,  and  length  of  treatment),  under  which  the  action  of 
the  acid  should  be  exerttid,  distrust  was  aroused  against  this 
very  reaction — which  was  susceptible  of  being  used  to  a  consid- 
erable extent,  and  successfully,  especially  upon  thin  sections — 
and  thus  its  application  became  limited  to  the  most  necessary 
cases.  So  now,  for  example,  this  reaction  is  very  little  used 
for  the  approximate  determination  of  individual  members  of 
that  feldspar  group,  for  which  the  comprehensive  term, 
"plagioclase,"  is  preferred. 

Rosenbusch  endeavored  to  introduce  some  operations,  cus- 
tomary in  analytical  chemistry,  such  as  the  formation  of  pre- 
cipitates, and  Uieir  separation  from  the  substances  remaining 
in  solution,  by  means  of  a  filtering  apparatus  (under  air 
pressure);*  but  his  efforts  appear  to  have  had  little  result. 
Moreover  the  etchings  which  appear  upon  the  various  surfaces 
of  minerals  treated  with  dissolving  reagents  and  which  bear  an 
intimate  relation  to  the  morphological  character  of  the  mineral, 
were  hopefully  alluded  to;  but,  ^although,  except  Leyden's* 
experiments  upon  quartz,  Knopp's*  upon  xanthophyllite  and 
Sohnke's'  upon  sodium  chloride,  a  series  of  minerals'  were  in- 
vestigated by  Baumhauer  in  regard  to  their  etchings — as  to 

1.  Iq  order  to  fumlah  aa  sxample,  the  foUowlDE  powBge  lo  be  found  □□  page  Vn,  the 
ISth  Uoe  from  top.Uo  Zlrkel's  Huadbook.  "The  mluroocop leal  properties  of  mlnerKla 
and  rocka,"  may  be  olted.  ThroDgL  treatment  with  by dniahloric  acid  the  plagioclase 
of  diabase  is  BtTooglr  attacked  and  exhibits  after  this  action  on  the  polarlsct^te  no 
more  lamelUr  bandloS'  Id  a  almllar  raanner  SenfterdlstliiKuleheBtbe  oUgoklase  na- 
ture of  most  teldHpara.  though  hebasobaeTvedtp.  SOSIotolliiOklaBe.tbatbrlongdlges- 
tlon  Id  bydroahlorlc  aeld  It  19  as  good  aa  not  affected. 

2.  N.  Jabcb.  f.  Mln.  etc.  IBTl.  (Hi. 
Bltib.  d.  k.  Akod.  A.  w.  In  Wlen  XV.  ie». 
N.  Jahrb.  f.  MlD.  1S72. 18S. 
H.Jahrb.  f.  Mln.  187B. 

The  etehlngs  on  crystals.    N.  J.  t.  M.  18T5.   (100). 
ITpon  potassium-mica.  granll«.  cobalt--qiiartK.    N.  J.  f.  U.  ISTft.    <!(£}. 
Upon  magDeala-mlou  and  epldat«.    N.  J.  f.  U.  1875.    (UO). 
Upon  apatite  and  gypsum.    N.  J.  t.  M.  VK!h.    (TM). 
Upon  lltbla-oilca.  turmallne.  topai,  ilnc-slllMitA.   N.  J.  f.  H.  im.  (1). 
Upon  adularla.  alblte.  fluorlte.  and  chlorides  of  natron.    N.  .T.  t.  U.  Urt.  (MC). 


>vGoo»^lc 


STATS  GEOLOGIST.  7 

their  valae  in  petrology  no  decided  advance  has  thas  far  been 
made. 

Very  note-worthy  also  are  those  methods  which  have  for  their 
object  the  separation  of  individiuil  minerals  from  the  mixed 
crystalline  rocks  and  their  chemical  analysis — snch  as  Muller's 
separation  of  quartz  and  some  silicates  from  each  other  by  means 
of  phosphoric  acid  hydrate,!  Gumbel'e  "mealtest"^  andFouque's 
method  of  separation  of  ferruginous  portions  from  the  non-fer- 
ruginous by  means  of  a  strong  electro- magnet  and  by  means  of 
concentrated  fluohydric  acid* — but  all  these  experiments  are 
tedious  and  demand  much  material,  which,  when  converted  into 
powder,  and  the  homogeneous  mass  of  separated  mineral  parti- 
cles is  examined,  admit  no  such  minute  microscopic  obsen'ation 
as  a  mineral  cut  through  in  a  thin  section. 

I  consider  Knopp's  micro-chemical  reaction*  upon  members 
of  the  haayne  family  as  quite  simple  and  practicable.  By  this 
method  for  the  first  time  a  vaporous  substance,  (sulphur  vapor) 
is  converted  into  the  constant  character  of  a  determined  min- 
eral of  a  thin  section,  viz. ,  the  blue  color  of  a  hauyne-like  min- 
eral and  to  the  black  of  an  iron  holding  mineral.  Just  as  prac- 
tical is  the  application  of  molybdate  of  ammonia  for  the  proof 
of  phosphates  in  thin  sections,  and  especially  for  the  separa- 
tion of  apatite  from  nepheline,  which  reaction  was  introduced 
by  Streng.' 

In  conclusion  Szabo's  Neue  Methode,  die  FeldapatTie  auch  in 
Qesteinen  zu  bestimmen*  deserves  special  notice,  since  by  care- 
ful observation  of  certain  experiments  on  small  fragments  of 
feldspar  the  size  of  a  poppy  seed,  it  makes  effective  the  old 
known  methods,  especially  those  for  determination  of  the 
melting  point,  and  of  the  flame  reaction  for  sodium  and  potas- 
sium. For  the  experiment  by  the  gas  flame  it  requires  many 
appliances  and  considerable  practice.  According  to  Szabo's 
report,  his  five  stages  of  the  sodium  flame  s^ow:  0.3-1  per  cent, 
1-2  per  cent,  2-i  per  cent,  4-8  per  cent,  8-16  per  cent  of 
sodium,  and  the  tour  stages  of  the  potassium  flame:  0.3-1  per 
cent,  1-4  per  cent,  4-13  percent,  and  13-22  per  cent  of  potassium. 

1.  Joum.  t.  pi*kt.  Ohemie  XOV,  (13)  and  XOVIII,  (14). 

2.  VolMnic  rook  or  Flohwlgeblrges,  UDDCben,  1874. 

3.  NoaveauK  prooMte  d'aoalrae  m^dl&te  dea  roohea.  «tc.  CompleB  rendus  1874, 
XXII.  (lU. 

4.  M.  Jahrb.  f.  Uln.  etc..  1S75,(T<). 

5.  Tschenuak'B  Uia.  HItth.  ISTB. 
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Though  I  gladly  availed  myself  of  the  chance  of  reading 
Szabo's  book,  when  its  title  page  met  my  eye,  yet,  after  a 
painstaking  study  of  it  I  was  obliged  to  lay  it  aside  unused,  be- 
cause my  small  private  laboratory  does  not  support  the  luxury 
of  gas-lighting,  and  at  the  University  in  this  place  neither  a 
laboratory  nor  any  such  means  of  help  is  at  my  disposal. 
Nevertheless,  I  found  myself  compelled  to  seek  another  way 
to  the  same  end,  i.  e.,  the  determination  of  the  feldspars,  and 
the  ability  in  my  future  work  to  eliminate  the  expression,  so 
much  cherished  in  modem  petrology,  "plagioclase, "  by  means 
of  the  accurate  designation  of  the  feldspar  group. 

I  first  turned  my  attention  to  the  pure  feldspar,  but  after  a 
series  of  experiments  which  I  began  in  August  of  last  year,  I 
extended  my  work  to  all  minerals  which  contained  alkalies  or 
alkaline  earths,  and  became  convinced  that  my  method  could 
be  applied  not  only  to  the  detennination  of  the  most  minute 
mineral  fragments,  but  also  under  the  same  circumstances,  to 
the  determination  of  minerals  in  thin  sections  of  crypto- 
crystalHne  rocks. 

When  I  had  become  convinced  that  in  the  most  common 
operations  in  analytical  chemistry,  for  example,  the  formation 
of  successive  precipitates,  filtering,  decanting,  etc.,  not  much 
is  to  be  accomplished  in  the  substantial  investigation  of  min- 
erals in  thin  sections,  it  occurred  to  me  to  cause  special  gase- 
ous material  (as  hydrofiuoric  gas,  chlorine  gas)  and  such  liquid 
substances  as  continually  volatilize  (as  hydrofluosilicic  acid), 
to  act  upon  thin  sections  of  minerals,  and  to  utilize  the  sub- 
stantial changes  which  present  themselves  upon  the  upper 
surfaces  of  thin  sections  and  admit  of  a  microscopic  investi- 
gation, to  the  determination  of  minerals. 

First  of  all  I  thought  of  the  etchings  of  crystallographically 
determined  minersj  sections,  then  upon  the  successive  remov- 
ing and  separate  investigation  of  individual  new-formed 
products,  through  various  solvents  and  reagents;  but  the 
observation  of  beautiful,  characteristic  crystals  which  appear 
on  some  specimens,  soon  taught  me  that  a  far  more  important 
role  is  to  be  attributed  to  the  new  products  formed  from  ttie 
investigated  minerals — so  far  as  they  can  be  obtained  in  easily 
recognized  crystal  forms  and  as  far  as  the  individual  chemical 
mineral  elements,  especially  those  of  the  alkalies  and  alkaline 
earths,  can  be  investigated  by  these  crystals  and  determined 
according  to  their  quantitative  relation — since  by  this  means. 
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results  are  to  be  obtained  ia  the  shortest  and  most  convenient 
way  (for  those  who  are  not  expert  in  chemical  operations), 
while  for  the  same  results  analytical  chemistry  requires  much 
time  and  experience. 

The  first  substance  which  X  used  was  hydrofluoric  gas.  X  was 
convinced  that  by  its  action  upon  alkaline  silicates,  silicic- 
fluo37ides  of  the  alkalies  would  be  formed,  which,  dissolved  In 
boiling  water,  can  by  the  evaporation  of  the  solution  be  ob- 
tained in  the  characteristic  crystals,  differing  for  potasEium 
and  sodium.  I  thus  saw  the  possibility  realized  of  being  able 
to  separate  with  great  readiness  and  in  the  smallest  specimens 
all  silicates  containing  potassium  from  those  containing  sodium, 
especially  potassium  feldspars  from  the  soda  and  lime  feld- 
spars, and  in  general  alkaline  from  non-alkaline  silicates. 
Besides  this  there  appeared  some  accompanying  phenomena 
which  seemed  to  me  to  be  important  as  means  of  recognizing 
the  minerals.  Thus,  for  example,  I  saw  that  besides  the 
alkaline  silicates  a  long  series  of  non-alkallne  silicates  is  af- 
fected by  hydrofluoric  gas,  and  that  all  those  minerals  from 
which  fluorides  are  formed  can  be  easily  recognized  by  effer- 
vescence in  sulphuric  acid  (which  can  t>e  easily  observed  in  the 
microecope) ;  I  saw  that  in  the  sections  of  phonolite  treated 
with  HF  and  then  boiled  in  water,  Mohl's  nepheline-glass 
was  reduced  to  rather  sharp  edged  sections  of  nepheline,  that 
through  similar  treatment  wholly  turbid  as  well  as  very  thin 
sections  of  porphyry  became  perfectly  clear  and  bright,  and 
thus  their  mineral  composition  and  tiiat  of  similar  minerals 
could  be  easily  recognized. 

But  the  original  problem  of  this  work,  the  determination  of 
those  groups  of  the  feldspar  family  which  we  unite  under  the 
names  of  oligoclase,  andesine,  labradorite  and  anortbite,  could 
not  for  a  long  time  be  solved  in  a  simple  way.  After  I  had  es- 
tablished the  fact  through  experiments  that  from  the  soda- 
lime  feldspar  treated  with  HF,  all  the  alkalies  are  dissolved  as 
silicicfluorides,  by  boiling  away,  in  water,  while  the  greater 
part  of  the  calcium  remains  behind  in  the  specimen  either  as  a 
fluoride  or  as  an  aluminous  lime  fluoride,  ^  I  struck  upon  several 
ways  of  reaching  the  desired  end,  that  is,  for  determining  ap 
proximately  the  quantitative  proportions  of  calcium  and  so- 
dium in- the  feldspars,  which  ways  proved  more  or  less  sue- 
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cessful,  but  none  of  which  satisfied  me  on  account  of  their 


Naturally  it  occurred  to  me  to  produce  in  the  form  of  silicic- 
fluorides  the  sodium  as  well  as  the  calcium  of  the  lime-soda 
feldspars,  since  the  artificial  salts  of  both  elements  showed 
various,  easily  distinguished  crystal  forms;  then  my  attempt 
went  so  far  as  to  change  calcium  fluoride  into  silicicfiuoride. 
For  this  end  I  treated  the  specimens  changed  by  HF  with  hy- 
drofluosilicic  acid,  but  I  found  to  my  sorrow  that  the  silicic- 
fiuoride crystals  from  sodium  were  always  to  be  found  in  a 
considerably  larger  quantity  than  the  proportion  for  the  cal- 
careous feldspars  demanded.  And  for  this  reason  I  suspected 
that  in  the  indicated  proportions  a  considerable  portion  of  the 
silicicfluoride  of  calcium  crystEillizes  in  the  same  form  as  the 
silicicfiuoride  of  sodium.  * 

Since  I  intended  to  seek  for  the  reason  of  the  similar  crystalh- 
zation  of  substances  appearing  elsewhere  in  various  forms,  in 
the  similar  conditions  of  solution  under  the  circumstances 
named,  I  simplified  the  investigation  by  treating  the  specimen 
directly  with  hydrofluosilicic  acid  in  order  to  bring  the 
very  soluble  silicicfluoride  of  calcium  to  formation  and  solu- 
tion more  quickly  than  the  less  soluble  sitlcicfluoride  of  sodi- 
um. And  these  experiments  had  the  desired  result  in  that 
they  demonstrated  a  decided  difference  in  the  silicicfiuoride 
forms  of  potassium,  sodium,  calcium  (eventually  strontium), 
magnesium  (eventually  iron,  manganese),  occasionally  also  of 
lithium  and  barium,  as  well  as  made  possible  a  quite  easy  sep- 
aration of  them.  Besides  this,  my  efforts  went  so  far  as  to 
make  known  the  reactions  for  the  silicicfluorides  similar  in 
their  forms  to  the  individual  elements  named,  in  order  to  ac- 
quire complete  knowledge  of  their  substantial  dlderences  even 
in  doubtful  cases. 

The  use  of  chlorine  gas  as  a  reagent  offered  many  advan- 
tages, thus:  For  the  proof  of  insolubility  in  acids,  for  the 
proof  of  alkalies,  for  producing  the  characteristic  etchings  (in 
some  minerals),  especially,  however,  for  establishing  whether 
the  silica  which  separates  out  of  the  thin  section  of  a  silicate 
is  gelatinous  or  granular.     And  of  the  older  methods  that  of 

1.  I  reporlBd  tlieae  methods  la  the  BeBslon  ot  the  mathemstiaul  and  pb;sia&l  science 
Claeae  d.  k.  Mhm.  tii'HollB,  d.  ».,  on  Not.  10. 18TS. 

2.  Prom  treutmaut  with  sulphuric  acid  were  formed  m&n;  of  those  broad  moaocllnlc 
crrstal  ueedies.  tormerly  only  the  peculiar  slUolofluorlde  forms  ot  sodium,  irblcb  I 
took  for  the  fornitjpea  of  Rypaum  oryslalH. 
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heating  the  specimen  showed  itself  in  most  cases  applicable  to 
the  recognition  of  the  CDloring  metals,  and  to  the  approximate 
determination  of  the  melting  point,  and  that  of  the  clay  reaction 
by  means  of  cobalt  solution  with  microscopic  investigation,  to 
the  thin  sections  of  different  kinds  of  rocks. ' 

Since  I  already  use  the  methods  explained  here»  though 
probably  capable  of  further  development,  in  those  studies  whose 
publication  is  reserved  to  the  archives  of  the  general  scientific 
investigations  of  Bohemia,  I  consider  this  little  book  as  an  in- 
troduction to  my  further  petrological  work,  and  herewith  ven- 
ture to  justify  its  insertion  in  the  archives  of  general  scientific 
investigation. 

In  conclusion  the  pleasant  duty  remains  to  me  to  express  my 
warmest  thanks  to  my  highly  esteemed  colleague.  Prof.  Stolba, 
for  furnishing  me  with  a  quantity  of  chemically  pure  silicic 
acid  which  was  necessary  for  my  experiments,  and  for  his 
advice  concerning  the  latter. 
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I.  General  Method  for  the  Micro-Chemical  Deter- 
mination OF  THE  Metals  op  Petrologically  Impor- 
tant Minerals  by  means  op  HYDROFLOosiLicau  Acid. 

Frinmple  of  the  Method. 

With  the  exception  of  a  few  which  offer  the  greatest  resis- 
tance to  chemical  reagents,  all  minerals  which  contain  alkalies, 
alkaline  earths,  heavy  metallic  monoxides  (or  analogous  sul- 
phur, selenium,  tellurium,  arsenic,  or  antimony  compounds) 
are  more  or  less  affected  by  strong  hydrofluosilicic  acid. 

The  result  of  this  action  is  the  formation  of  silicicfluorides 
{from  the  metalic  elements  of  the  minerals  and  the  hydrofluo 
silicic  acid),  which  dissolve  in  the  hydrofluosilicic  acid  solution 
and  after  the  evaporation  of  the  solution  make  their  appearance 
in  beautifully  formed  crystals  {or  of  small  groups  of  tiiem) 
characteristic  of  the  individual  elements. 

If  the  treatment  of  a  very  small  piece  of  mineral  with  hydro- 
fluosilicic acid  is  performed  upon  a  spot  on  the  object  glass 
coated  with  thoroughly  boiled  Canada  balsam,  the  silicic- 
fluorides  thus  formed  can,  even  in  their  minuteness,  be  studied, 
magnified  to  any  desired  degree. 

If  the  silicicfluoridea  of  the  individual  metals,  which  are 
formed  upon  the  object-glass  under  the  conditions  mentioned 
could  be  separated  from  each  other,  either  through  the  differ- 
ent crystal  systems  to  which  they  belong,  or  through  definite, 
easily  recognized  typical  forms,  or  through  characteristic 
changes  when  treated  with  new  reagents,  perfectly  reliable 
means  for  distinguishing  the  individual  metals  would  thus  be 
afforded. 

Of  the  silicicfluorides,  thus  far  known,  of  the  metals  ap- 
pearing in  petrologically  important  minerals,  those  of  potas- 
sium, csesium,  and  rubidium  belong  to  the  tesseral  crystal 
system,  and  those  of  sodium,  ma^esium  and  iron  to  the  hexa- 
gonal or  hemihedral-hexagonal  system,  while  those  of  lithium, 
calcium  and  strontium  {according  to  Marignac's  statement) 
must  be  monoclinic. 
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In  the  determiaation  of  a  petrologically  important  mineral  it 
is  hardly  of  importance  to  prove  the  presence  of  csesium  and 
rabidium  with  potassium. 

The  silicic  fluorides  of  sodium,  magnesium  and  calcium  pro- 
duced under  the  conditions  mentioned  show  such  different 
forms  that  they  can,  in  most  cases,  be  distinguished  at  the 
first  glance.  Moreover  the  silicicfluolithium  crystAls,  pro- 
duced from  lithia-mica  and  lithla-iron-mica  are  so  peculiar  as 
to  be  quite  easily  identified;  but  silicicfluostrontium  presents 
almost  the  same  crystal  appearance  as  silicicfiuocalcium,  and 
in  nearly  the  same  forms  in  which  silicicflaomagensium  ap- 
pears; we  find  also  silicicfiuorides  of  iron  and  manganese;  so 
that  a  separation  of  the  silicicfluoride  of  calcium  from  that  of 
strontium  and  of  magnesium  from  those  of  iron  and  manganese 
would  scarcely  prove  successful. 

But  the  separation  of  the  last  named  metals  in  the  forms  of 
silicicfiuorides  is  not  rendered  impossible  on  this  account;  for 
by  treating  tbem  with  new  reagents  the  desired  end  is  quite 
easily  reached. 

If,  for  example,  silicicfiuocalcium  and  silicicfiuostrontium 
are  treated  with  dilute  sulphuric  acid,  the  crystals  of  the  first 
are,  after  a  few  seconds,  surrounded  by  a  thick  beard  of  mono- 
clinic  gypsum  needles,  while  the  crystals  of  silicicfluostron- 
tium very  slowly  (in  several  hours)  liquify  into  a  granulous 
mass,  or  only  very  short  (celestine?)  needles,  are  here  and  there 
observed.  In  the  same  way  can  the  silicicfluorides  of  magne- 
sium, iron  and  manganese  be  separated  by  the  application  of 
various  substances.  The  application  of  chlorine  gas  is  worthy 
of  recommendation,  by  means  of  which  the  silicicflnoride  of 
iron  assumes  an  intense  citron-yellow  color,  while  silicicfluo- 
magnesium  and  silicicflaomanganese  remain  almost  colorless: 
yet  the  manganese  salt  has  a  streak  of  red,  and  appears  strongly 
agglutinated,  and  for  the  most  part  changed  into  a  group  of  lit- 
tle tablets,  prisms  and  melted  grains,  although  the  crystal  forms 
of  silicicfluoride  of  magnesium  appear  to  be  changed  a  little. 

Also  the  application  of  sulphide  of  ammonium  vapor  for  the 
separation  of  the  last-named  metals  in  the  form  of  silicicfiuor- 
ides produces  exactly  the  same  results. 

From  these  experiments  it  can  be  seen  that  the  metals  ap-  ' 
pearing  in  petrologically  important  minerals  in  the  presence  of 
hydrofluosillcic  acid  may  be  easily  identified.     At  the  same 
time,  moreover,  the  quantitative  proportions  of  the  several 
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metals  existing  in  a  mineral  can  in  most  cases  be  approxi- 
mately ascertained. 

If  the  mineral  is  readily  acted  upon  by  the  hydrofluosilicic 
acid  all  the  metals  in  their  variously  formed  silicicfluorides 
make  their  appearance  after  the  evaporation  of  the  solution, 
and,  indeed,  (if  they  do  not  materially  differ  in  their  condi- 
tions of  solubility)  in  about  the  same  quantitative  proportions 
in  which  they  existed  in  the  mineral  investigated.  If,  how- 
ever, the  mineral  to  be  analyzed  is  only  slightly  attacked  by 
the  hydrofluosilicic  acid,  the  latter  has  acted  on  the  greater  part 
or  the  whole  of  that  metal  (of  the  respective  metals)  which 
can  be  most  easily  dissolved,  while  for  the  other  metals  of  tiie 
same  mineral  only  small  silicicfluoride  crystals  or  none  at  all 
are  observed. 

The  conditions  of  the  silicicfluorides  in  solution  must,  con- 
sequently, l>e  considered,  as  well  as  the  comparison  of  the 
quantitative  proportions  of  the  silicicfluorides,  with  the  quan- 
titative proportions  of  the  metals  contained  in  the  original 
minerals. 

If  from  several  metals  which  the  mineral  under  investiga- 
tion contains,  at  the  first  treatment  with  hydrofluosilicic 
acid  only  one  makes  its  appearance,  then  the  treatment  of  the 
same  portion  of  mineral  is  to  be  repeated  with  fresh  hydro- 
fluosilicic acid,  which  treatment  usually  produces  the  wished 
for  result;  that  is  the  mailing  visible  of  the  remaining  metals 
in  the  form  of  silicicfluorides.  It  is  evident,  however,  that  in 
this  fortunately  rare  case  the  quantitative  proportions  of  the 
silicicfluorides  will  not  correspond  with  the  proportions  of  the 
metals  which  the  chemical  analysis  of  the  mineral  demands, 
but  that,  for  approximate  determination  of  the  quantitative  re- 
lations of  individual  metals  in  the  mineral  to  be  examined, 
other  methods,  to  be  explained  later,  must  be  employed  or 
special  experiments  (with  hydrofluosilicic  acid)  must  be  estab- 
lished as  rules  for  these  individual  minerals. 

It  may  be  remarked  here  that  thin  sections  are  more  readily 
acted  upon  than  cleavage  particles  or  broken  fragments. 

In  conclusion  I  think  I  may  say  that  clay,  and  sesquioxides 
in  general,  and  minerals  which  are  free  from  monoxides,  afford 
when  treated  with  hydrofluosilicic  acid,no  new  formed  products 
in  crystal  forms. 
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EXECDTION  OP  THE    METHOD. 


Place  a  few  drops  of  Canada  balsam  upon  an  object-glass  and 
hold  it  over  a  spirit  lamp  until  the  little  bubbles  which  form 
have  passed  off,  and  the  balsam  acquires,  after  cooling,  a  firm, 
resinous  consistency.  At  the  same  time  try  so  to  turn  the 
object  glass  while  the  balsam  is  still  liquid,  that  it  will  form  in 
hardening  as  thin  and  even  a  coating  as  possible  upon  the  glass. 

In  the  middle  of  the  balsam  layer  place  the  specimen  or  thin 
section  of  the  mineral  to  be  examined,  and  again  heat  the 
object-glass,  but  only  enough  to  cause  the  specimen  to  adhere 
firmly.  If  the  specimen  is  a  thin  section,  let  it  be  as  thin  as 
possible,  because  it  loses  something  of  its  transparency  by 
reason  of  the  crust  of  silicicfiuoride;  then  it  must  be  heated 
cautiously  (to  prevent  the  formation  of  little  vesicles),  and 
carefully  pressed  with  a  penknife  so  that  no  little  gas  bubbles 
remain  under  it  and  that  it  may  assume  a  perfectly  horizontal 
position, 

The  size  of  the  specimen  is  entirely  arbitrary.  It  may  be 
the  size  of  a  pea,  or  it  may  be  a  very  much  smaller  piece;  yet 
it  is  advisable  to  keep  a  certain  relation  to  the  size  of  the  drop 
of  hydrofluosilicic  acid  which  is  to  be  put  upon  it. 

I  usually  take  a  specimen  of  mineral  about  the  size  of  a  pin- 
head  or  a  millet  grain,  and  place  upon  it  a  drop  of  hydrofluo- 
silicic acid  of  about  the  size  of  a  pea.  If  two  or  more  pieces  of 
minerals  are  taken  of  the  above  mentioned  size,  the  drops  of 
acid  must  be  increased  in  a  proportionate  degree,  I  take  a 
iMn  section  of  the  size  of  4-6™'°,  taking  care  that  the  hydro- 
fluosilicic acid  placed  upon  it  does  not  spread  over  the  section, 
bub  that  the  drop  maintains  the  greatest  height  possible,  so  that 
the  greatest  depth  of  fluid  may  work  upon  the  smallest  surface. 

If  one  has  to  investigate  a  mineral  dissolved  in  water  it  is 
advisable  to  take  a  larger  amount  than  the  above  mentioned 
relation  to  the  quantity  of  acid  required,  because,  besides  the 
silicicfluoride  of  the  metal  which  is  contained  in  the  specimen, 
the  crystal  form  of  the  specimen  itself  (either  of  the  unchanged 
mineral  or  of  its  individual  salts)  is  also  brought  to  perfection, 
and  one  has  a  complete  analysis  of  the  mineral  before  his  eyes. 
For  example,  if  the  specimen  were  a  sodium  salt,  such  as  so- 
dium-chloride, sodium-nitrate,  mirabilite  or  borax,  from  each 
substEince  would  be  obtained  short  hexagonal  prisms  of  silicic- 
fluoride  of  sodium,  but  besides  this  in  the  first  specimen  little 
cubes  of  sodium-chloride,  in  the  second  rhombohedrons  of  so- 
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dium  nitrate,  in  the  third  monoclinic  needles  of  glaaber  salt, 
and  in  the  fourth  borax  crystal  easily  recognized  by  their  form; 
but  from  polyhalite  one  would  find  near  the  fluorides  of  the  in- 
dividual metals  little  crystals  of  gypsum,  etc. 

The  hydrofluosillcic  acid  applied  must  be  perfectly  pure  so 
that  no  silicicfluoride  crystals  be  left  upon  the  balsam  plate  of 
the  object-glass  when  dried.  The  faydroflaosilicic  acid  pre- 
pared according  to  the  direction  of  the  analyst'  is  useless  for 
our  purpose  for  the  reason  that  it  is  prepared  and  preserved  in 
glass  vessels  so  that  it  already  contains  various  silicicfluorides, 
(whose  metals  come  from  the  glass). 

The  hydrofluosillcic  acid  which  I  used  was  prepared  by  my 
assistant,  Mr.  Flaminek,  by  the  introduction  of  fluosilica,  ob- 
tained from  fluoride  of  barium,  sulphuric  acid  and  pure  quariz 
powder  in  a  lead  retort,  into  a  platinum  crucible  filled  with 
water,  and  this  after  moderate  dilution  was  decanted  in  a  caout- 
chouc flask  for  preservation.  For  transferring  the  drop  of 
hydrofluosilicic  acid  upon  the  specimen  (situated  upon  the 
balsam  surface  of  the  object-glass)  I  use  a  caoutchouc  stick, 
which  has  a  spoon-shaped  rim  upon  the  end,  which  may  be 
used  in  dipping. 

In  regard  to  the  strength  of  the  hydrofluosilicic'  acid,  the 
following  should  be  taken  into  consideration :  If  the  acid  is  too 
weak  most  minerals  are  not  acted  upon  at  all,  or  only  slightly; 
if  it  is  too  strong,  then  so  many  silicicfluorides  will  be  formed, 
and,  ID  addition,  from  the  silicates  so  much  sillcious  earth  will 
be  separated,  that  the  field  of  vision  becomes  entirely  dark  or 
opaque,  and  no  crystal  forms  can  be  distinguished— thus  it  is, 
for  example,  with  a  thin  section  of  elseolite.  In  such  a  case  the 
difBculty  is  easily  remedied  if  one  or  two  drops  of  water  are 
added  to  a  drop  of  hydrofluosilicic  acid  of  the  same  size  as 
before,  for  a  new  trial. 

According  to  Mr.  Plaminek's  statement  my  hydrofluosilicic 
acid  is  about  3i^  per  ct.  strong.  And  this  attacks  thin  sections 
of  albite,  orthoclase,  muscovite,  tourmaline,  and  pleonaste, 
and  causes  the  formation  of  silicicfluorides. 

1.  AaleitUDK  lur  qual.  ohem.  AnBl;se.  Eh«8enliu,  IBBt.  p«g«  M.  Cod  Stolbk.  Cater 
die  BereltuDg  der  klesel  flussaura  Im  KlelDen.  Dlusler's  polrtechn.  Jout.  B.  CXOVII. 
page  S3S  ( ISID ). 

2.  Stollia  (J.  I.  prakt.  Chemie  XO,  ISO,)  has  dnigned.  upon  tbe  basia  of  two  Mries 
of  bxporlimeDts.  a  table  upon  tba  spoolfic  ftfavlt;  of  dUuM  hydrofluoBiUolc  aold  at 
dlffareot  Talues  (b>31perct.).  He  fludithat  theapeclflo  graTltr  Inareaaes  regularlj 
(or  vvvrj  halt  per  ot.    Thus  at  17. B',  for  hydrofluoalltola  acid  at 

O.Sperct.    Iporct.   l.Sperct.    Speroc,    Sperct.  lOnrcc. 
the  BpeclBc  grarltrls      t.OU  l.aOH         l.ofs  lHat         I.MOT        l.Mt 
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When  the  specimen  has  been  treated  with  hydrofluosilicic 
acid,  bring  the  object-glass  (holding  it  always  in  a  horizontal 
position)  to  a  level  place  quite  free  from  dust,  and  cover  it  with 
a  tumbler  or  inverted  glass  under  which  has  been  placed  a 
little  cup  of  sulphuric  acid.  1  place  the  object-glass  with  the 
specimen  and  acid  upon  the  perfectly  even  and  horizontal 
surface  of  a  rather  large  mahogany  chest,  but  must  wait 
twenty-four '  hours  for  the  complete  drying  of  the  drops, 
although  in  perfectly  dry  air  only  a  few  hours  would  be  re- 
quired. 

A  brief  resumfi  of  the  detail  of  the  operation  may  be  given  in 
the  following  words:  The  specimen  placed  upon  an  object- 
glass  previously  coated  with  a  layer  of  balsam,  is  covered  with 
one  or  two  drops  of  hydrofluosilicic  acid  and  allowed  to  lie  in- 
tact and  in  perfect  rest  in  a  horizontal  position  and  protected 
from  dust  until  the  drying  of  the  drop  is  accomplished.  And 
this  entire  preparatory  work  requires  hardly  five  minutes  time. 

When  the  drop  of  hydrofluosilicic  is  dried  the  preparation  is 
ready  for  microscopic  examination. 


MICROSCOPIC      CHAEACTEES      FOR     THE     DETERMINATION      OP 
THE  SILICICFLUORIDE  FORMS  OP  THE   METALS    APPEAR- 
ING IK   PETROLOGICALLY   IMPORTANT    MINERALS. 

{Developed  by  hydroJUtoeilicic  add.) 

The  metals  appearing  in  minerals  of  petrological  importance 
are  potassium,  (caesium,  rubidium),  sodium,  lithium,  calcium, 
strontium,  barium,  magnesium,  iron  and  manganese. 

The  silicicfluoride  of  potassium  (E!,8iF,)  (Plate  I,  Fig.  1,  a,  i) 
prepared  from  orthoclase,  microcline  (Plate  I,  Pig.  2  and  Pig. 
16),  leucite  (Plate  II,  Pig.  2),  muscovite  (Plate  II,  Pig.  5,  at 
the  right),  biotite  (Plate  I,  Pig.  1,  e,  m,  n,  r)*  and  some  other 
minerals,  >  magnified  to  four  hundred  times  the  original  size, 
appeared  always  in  sharp-edged  crystals  with  smooth  surfaces 
and  usually  small.  These  crystals  belonged  to  the  tesseral 
system  and  always  remained  dark  between  the  crossed  herapa- 
tites. 

1.   Saltp«Mr,  B;lTlne,potMsluiii-aliuD. 
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The  most  common  form  was  the  hexahedron  whose  little 
crystals  were  occasionally  united'  In  pretty  chandelier-like 
groups;  quite  frequently  the  combination  forms  coOoo  .0;  or 
30  0.  00  0  00  made  their  appearance,  the  latter  especially  when 
the  specimen  had  been  treated  first  with  fluohydric  gas  and 
then  with  hydrofluosilicic  acid. 

Upon  the  imperfect  development  of  the  larger  crystal  forms 
the  surfaces  appeared  in  the  form  of  steps  or  displayed  a  beaa- 
tifnl  structure  of  scales. 

According  to  Marignac*  and  Stolba*  the  silicicSuoride  of 
potassium  crystallizes  in  octohedrons  (probably  from  the  pare 
water  solution). 

According  to  Stolba's  statement  one  part  of  silicic  fluoride  of 
potassium  requires  83B.1  parts  of  water  at  a  temperature  of 
17.5°  and  104.8  parts  of  boiling  water. 

In  hydrochloric  acid  this  silicicfluoride  is  the  more  soluble 
the  stronger  the  acid  is:  for  according  to  Stolba's  experiments* 
HCL  of  the  strength  of  26.5,14.1.  9.6,  2.7,  1.8  per  cent 
dissolves  of  silicicfluoride  of  K  237,  340,  357,  378,  409  parts,  at 
the  temperature  of  14  degrees. 

^t  17.5  degrees  the  specific  gravity  of  this  fluoride  is  2.6655 
—2.6649." 

The  siliclcfluoride  of  sodium  (Na,SiP,)  (Plate  I,  Pig.  4), 
prepared  from  albite  (Plate  II,  Fig.  1),  pericline,  the  oligoclase 
feldspars  (Plate  I,  Pigs.  17-19),  nepheline  (Plate  H,  Pig. 
8),  scapolite  (Plate  II,  Pig.  4),  and  several  other  miner- 
als, ■  appeared  always  in  short  hexagonal  prisms  which  were 
either  terminated  by  basal  planes  or  more  frequently  by  a 
blunt  pyramid,  and  whose  vertical  edges  were  often  truncated 

1.  Beautiful  grouDs  of  this  kind  were  obUtlued  from  the  aqaeoiu  solaUon  of  lald- 
apatblo  mixed  portions  of  lyeDltc  from  Flauenschen  Grande,  near  DrMden,  mod  of 
amazoalte  from  HLaHk,  wh«n  treated  with  Ouobydrlo  gas.   (Plate  I,  Fig.  2.) 

2.  Oomptas  randas,  xlv,  S90. 

3.  Jour  f.  prakt  Obemle.  xc.  1B3. 

4.  Jour.  t.  prakt.  Ohemie,  Clll.  SM. 

5.  The  HlUalCfliiorlde  of  oeealum  (CBt8iF()<iryatalllieafromaidllut«MilatIoii(thK>iish 
TOluntar;  evaporfttlon]  lulocubea  tilth  trnnoated  corners.  AtlTdeBreea  It  disBolTes 
In  IH  parts  of  irater  and  more  easily  In  hot  water.  In  alcohol  It  Is  Insoluble.  (C.  Prtt*. 
Jour,  f,  praia,.  Otemlt.,  olU,  410.) 

Tbe  BlllalcBuorlde  of  rubidium  (KbiSIF*)  crrBtalilzea  In  the  combination  forma 
<eOa>.0.[i>a,  dlaaolveB  at  W  degrees  In  611  parts  of  water,  and  at  100  degrees  InTUlparIa 
water.  In  aolds  It  Is  easily  soluble.  In  spirits  of  wine  Insoluble.  Its  specl&o  graiilr 
at  30  degrees  la  S.3383  (SIoUmi,  Jour, /.  proM.  Chcmf«.  ell.  1]. 

Tbe  altlcIcQuorlde  of  thallium,  prepared  by  treating  the  carbonate  ol  tballlum 
monoxide  with  hydrofluofilllolo  acid  and  evaporating  tbe  solution,  orystalllces  in  tes- 
seral.  sli  aided  tablets,  or  distorted  ootahedrons  which  are  «aaU?  adabla  In  water. 
IGmtlin'a  Handb.  d.  anoman.  Chemte.,  I37&,  Bd.  3,  p  UBJ. 

S.  Bock-salt,  sodium  nitrate,  borax,  oryollte,  phosphorus-salt. 


„Gooi^le 


STATE  GEOLOGIST.  19 

by  secondary  pyramids,  (odP2).  Imperfectly  formed  crystals  of 
silicicfluoride  of  sodium  had  barrel-shaped,  oval  or  cylindrical 
forms. 

Between  the  crossed  Nicola  appeared  all  the  forms  of  silicic- 
fluoride  of  sodium  colored  yellow  or  blue;  they  were  all  dark 
except  those  arranged  at  right  angles  with  the  main  axis. 

Marignac  (Jahresb.  uber  Fortschritte  der  chemie,)etc.,  v. 
Kopp  u.  Will,  1858,  [fur  1857],  p.  129.)  takes  the  crystals  of 
silicicfluoride  of  sodium  for  holohedral  forms  ( ooP.OP.  P.  aDP2) 
and  adds  odP:  P  =  123  deg.  3  min. 

According  to  Stolba  (Jahresb.  uber  Fortscb.  d.  Ohem.  etc., 
1858  [fUr  1857]  p.  129)  one  part  of  the  silicicfluoride  of  sodium 
requires  for  its  solution  153.3  parts  of  water  at  a  temperature 
of  17.5  deg.  and 40.66  parts  of  boiling  water;  it  easily  forming 
an  oversaturated  solution. 

Its  specific  gravity  is  2.7547. 

The  presence  of  a  larger  quantity  of  silicicfluoride  of  calcium 
has  a  noticeable  influence  upon  the  length  of  the  hexagonal 
prisms  of  silicicfluoride  of  sodium.  I  have  prepared  three 
specimens  differing  in  the  quantity  of  both  silicicfluorides.  In 
the  flrst  specimen  were  two  parts  by  weight  of  the  sodium-salt, 
with  one  part,  by  weight,  of  the  calcium-salt;  in  the  second 
specimen  equal  parts,  by  weight,  of  both  silicicfluorides,  and 
in  the  third  specimen  one  part,  by  weight,  of  silicicfluoride  of 
sodium  and  two  parts,  by  weight,  of  silicicfluoride  of  calcium 
The  crystals  of  silicicfluoride  of  sodium  in  the  second  speci- 
men were  one-half  longer  than  those  in  the  first,  and  those  in 
the  third  were  doable  the  length  of  those  in  the  first.  (Plate 
I,  figure  7  and  figure  8.) 

The  silicicfluoride  of  lithium  prepared  from  the  rose-red 
lithia-mica  from  Roznau  in  Moravia,  and  from  a  light  Uthia- 
iron  mica  from  Zinnwald  (Plate  n,  fig.  5,  at  the  left)  appeared, 
"when  magnified  to  400  times,  in  minute,  sharp-edged,  six 
sided  pyramids,  which  usually  presented  the  appearance  of  a 
regular  blunt,  hexagonal  pyramid.  At  times,  however,  a 
couple  of  surfeices  were  developed  to  such  an  extent,  that  the 
other  surfaces  of  the  distorted  rhombic  or  rhomboidal  forms 
could  hardly  be  distinguished. 

The  silicicfluoride  of  lithium  (Plate  I.  fig.  3)  represented  from 
the  preparation  of  Prof.  Stolba  by  recrystayization  presented 
circular  forms,  notched  or  undulating  at  the  edge,  fibrous, 
striated  within  or  ornamented  by  several  concentric  circles. 
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Occasionally,  by  the  overlying  of  imperfectly  formed  crystal- 
prisms,  these  forms  appeared  to  resemble  cauliflower  buds  or 
blossoms  and  among  them  were  found  many  little  tablets  with 
a  regular  six  or  eight  sided  appearance,  sometimes  also,  orna- 
mented with  concentric  inner  circles,  which  remained  daric 
between  crossed  Nicols.  If  one  should  consider  the  latter 
hemibedral  forms  of  the  hexagonal  system,  they  would  be  re- 
garded as  combination  forms  of  OR. — R.coR.  and  OR.  R.— 
R.0O  E.OD  P2.  Besides  these  there  were  found  in  the  preparataon 
a  few  very  short,  hexagonal  prisms. 

According  to  Marignac  (Ann.  Minn.  [5],  XV,  221)'  the  silicic- 
fluoride  of  lithium  (Li,  SiF,  +2H2O)  is  monoclinic  and  appears 
in  the  form  of  combination  aoP.OP.Pco.iPco;— Pod,  In  the  clin- 
odiagonal chief  section  is  ooP:  roP-SS"  38',  OP:  ooP— 108°  14'. 
OP:  PcD=96°  36',  OP:— P  00=139"  42'.  The  crystals  are  quite 
easily  cleavable  parallel  P  cd,  less  easily  parallel  OP.  They 
decompose  in  the  air. 

According  to  Stolba  the  silicicfluoride  of  lithium  may  be 
obtained  by  evaporating  a  solution  of  carbonate  of  lithium  in 
a  slight  excess  of  hydrofluosilicic  acid.  The  salt  crystallizes, 
after  voluntary  vaporization,  in  transparent,  four-sided,  ob- 
liquely truncated  prisnis  or  irregular  six-sided  tablets  which 
dissolve  at  a  moderate  temperature  in  1.9  parts  of  water,  also 
in  alcohol  but  are  insoluble  in  ether  or  benzol.  Their  specific 
gravity  is  2.33. 

The  silicicfluoride  of  calcium  (Plate  I,  Fig.  6),  prepared  from 
oligoclase  feldspar  (Plate  I,  Pigs.  17-19),  anorthito  (Plate  I,  Fig, 
20),  woUastonite,  amphibole  (Plate  II,  Fig.  7),  diaUage  (Plate 
II,  Fig,  8),  scapolite  (Plate  n.  Fig.  4),  epidote  and  other  min- 
erals^, forms  peculiar,  long,  pointed,  thornlibe  crystals,  branch- 
ing and  usually  spindle-shaped;  sometimes,  also,  in  the  form  of 
rhomboidal  tablets  which  are  often  united  in  star-like  or  other 
groups,  and  in  most  cases  are  recognized  at  the  first  glance. 
Many  of  the  spindle-shaped  forms  are  bounded  by  six  lateral 
planes  and  terminated  by  one  basal  plane  so  that  they  appear 
like  very  sharp  rhombohedrons  truncated  by  basal  surfaces.  At 
times  they  appear  very  abundant  in  six-sided  forms  which  re- 
semble pointed  rhombohedrons  (about — 2R  of  calcite) . 

A  characteristic  feature  of  these  crystal  forms  (of  silicicfluo- 
ride of  calcium)  produced  by  hydrofluosilicic  acid  from  this 
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sections  or  fragments  of  mineral  is  the  lack  of  sharp  rectangu- 
lar edges  and  smooth  surfaces  and  the  presence  very  often  of  a 
peculiar  grayish  or  brownish  dusty  character,  probably  because 
of  the  inclusion  of  delicate  bubbles. 

The  silicicfluoride  of  calcium  prepared  by  Prof.  Siolba, 
forms  mostly  four-sided,  rarely  six-sided  prisms  (Plate  I,  Fig.  5) 
and  needles  which  are  terminated  by  an  oblique  terminal  plane 
OT  by  one  prominent  and  several  small  oblique  planes.  These 
crystal  needles  are  often  united  in  radiated,  spherical  groups 
resembling  warts. 

According  to  Marignac  (Comptes  rendus  XLVl — 854  und  Jour 
f.  prakt.  Chem,  LXXTV — 101)  the  silicicfluoride  of  calcium  (Ca 
Si  F,  +  2  H,  O)  crystallizes  in  monoclinio,  microscopic  crystals 
which  are  probably  isomorphous  with  silicicfluoride  of  stron- 
tium. 

According  to  the  report  of  my  colleeigue  Herr  Stolba,  and 
my  own  experiments,  the  silicicfluoride  of  calcium  is  readily 
soluble  in  water. 

The  silicicfluoride  of  strontium  prepared  from  strontianite 
by  means  of  hydrofluosilicic  acid,  and  from  the  preparation 
of  Herr  Stolba  by  recrystallization,  (Plate  I.  Fig.  9)  appears  in 
sharp-edged,  smooth-surfaced  prisms  and  needles  which  can 
scarcely  be  distinguished  from  the  crystal  forms  of  silicic- 
fluoride of  calcium  produced  from  the  preparation  of  Herr 
Stolba,  except  that  they  occasionally  exhibit  a  greater  abund- 
ance of  planes. 

According  to  Marignac  (Jahresb.  liber  Fortschr.  d.  Chem. 
von  Kopp  and  Will  1859  [fur  1858]  pag.  145  u.  1860  [f«r  1859] 
pag.  107)  the  silicicfluoride  of  strontium  (Sr  Si  Fg  +2  H,  O) 
is  monoclinic.  In  the  clinodiagonal  principal  section  are  qd  P: 
a)P=84°  16' and  OP:  aiP=103°  13'. 

The  silicicfluoride  of  barium  prepared  from  calciferous  with- 
erite  (in  the  form  of  a  microscopic  preparation)  by  means  of 
hydrofluosilicic  acid,  presents,  when  magnified  fonr  hundred 
times,  extremely  slender  sharp- pointed  needles,  whose  form 
although  sharp-edged  and  smooth-surfaced  is  very  hard  to  de- 
termine on  account  of  the  minuteness  of  the  crystals. 

According  to  Stolba  (Jour  f.  prakt.  Chemie  XCVI.  22)  the 
silicicfluoride  of  barium  presents  microscopic  elliptical,  cruci- 
form, divergent  and  roundish  groups.  Prepared  from  a  dilute 
solution  slowly  evaporated  it  appears  in  slender  needles. 

One  part  of  silicicfluoride  of  barium  requires  for  solution, 
according  to  Stolba,  3731  parts  of  water  at  a  temperature  of 
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17.B°,  3313  parts  at  a  temperature  of  21°  and  1175  parts  of  boil- 
ing water.  It  is  easily  soluble  in  acids  and  in  salts — namely, 
in  446  parts  4|  per  cent  muriatic  acid  and  in  272  parts  8  per  cent 
nitric  acid.     Its  specific  gravity  at  21°  Temp.  =-  4.2741. 

The  silicic  fiuoride  of  magnesiom  prepared  from  humite, 
chondrodite  (Plate  I,  Fig.  10),  talc,  biotite  (Plate  11,  Pig.  6), 
rubellan,  hyx>ersthene,  bronzite  (Plate  n.  Fig.  9),  and  several 
other  minerals,*  appears  in  rhombohedrons  whose  vertical 
angles  are  usually  truncated  through  the  basal  surfftce,  or  iu 
combinations  of  R.  ooP2,  B.  goP2.  OR  and  other  rather  com- 
plicated rhombohedral  forms. 

All  its  crystal  forms  have  sharp  edges  and  smooth  faces. 

Upon  two  little  crystals  (of  the  microscopic  preparation )  hav- 
ing the  combination  B.  OB,  which  were  found  in  an  almost  ver- 
tical position  and  remained  dark  between  the  crossed  herapa- 
tites,  I  was  able  to  measure  the  angles  of  horizontal  projection. 
I  found  angles  from  119°  to  121°,  therefore  about  120°.  In 
other  positions  between  the  crossed  herapatites  the  crystals 
appeared  colored  red,  yellow  and  blue. 

Quite  often  the  silicicfluoride  of  magnesium  appears  in  rhom- 
bohedrons distorted  on  one  edge,  also  in  conical,  cruciform, 
feathery  and  other  imitative  forms  which  sometimes  have  in  the 
entire,  preparation  Ifce  same  regular  axrangement,  and  every 
projection  of  which  tends  to  terminate  in  an  imperfectly  formed 
rhombohedron. 

The  silicicfluoride  of  magnesium  is  quite  easily  soluble  in 
water. 

The  silicicfluoride  of  iron  {FeSiP,  [-t-6HjO?])  prepared  by 
dissolving  iron  in  hydroSuosilicic  acid  and  evaporating  the  so- 
lution (in  an  iron  crucible)  in  the  air,  usually  crystallizes  in 
pale  bluish-green  regular  six-sided  prisms  (xP2)  which  ter- 
minate in  a  rhombohedron.*  Prepared  in  the  form  of  a  mi- 
croscopic preparation  (Plate  I,  Fig.  15)  from  the  salt  obtiuned 
from  Herr  Stolba  and  from  siderite,  it  shows  many  individual 
and  combined  forms,  also  distorted  forms  of  the  hemihedral 
hezagouEkl  system  which  appear  colorless  and  can  hardly  be 
distinguished  from  the  crystals  and  imitative  forms  of  the  sili- 
cic fluoride  of  magnesium. 

1.  Bastlte,  peonlte  (Plate  1.  Fig.  II),  ooidlerlW  (Plate  IL  Fig.  10},  oHtIdo  (Plate  IL 
rig.  II  and  Fig.  12),  bructte,  mealtlDe,  DaagDealte  (Plat«  I,  Fig.  12), 

2.  Btntliu*.  GmtUn't  liandbook  of  inonanlc  ehem,  ISTS,  B.  3,  p.  408.  On  tha  appeacatce 
of  the slllaloBuorlde of  Iron, see Stalba.  SUib. d.  malh.  notww.  Ckd-K. Mhnt.  0«t. cL u. «. 

Zl  ohCbr.  ina. 
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It  is  easily  soluble  in  water.  > 

The  silicicfliioride  of  m&nganese  (MnSiF,+6H,0)  appears 
according  to  Marignac  (Ann.  Okem.  ph.  [8],  LX,  801,  «,  Jahreaber. 
U.  Fortschr.  d.  Chemie  1861  [pro.  1860]  p.  98)  in  pale  reddish 
white  crystals  of  the  hemihedrai  hexagonal  system,  in  the 
comb.ination  form  ocF2.K.  According  to  tie  same  investiga- 
tor R  :  R-ISS"  20'. 

Prepared  in  the  form  of  a  microscopic  preparation  (from  the 
salt  obtained  from  Herr  Stolba  and  from  dialogite,  through 
the  treatment  of  the  latter  with  bydrofluosilicic  acid)  it  ap- 
pears in  the  same  forms  as  the  silicicfluoride  of  iron  and  the 
silicicflaoride  of  magnesium  so  that  a  separation  of  the  three 
Bilictcfluorides  according  to  type  forms  would  hardly  be  suc- 
.  cessful. 

Separation  of  the  Silieiqftuoride  forms  of  Calcium  and  Strontium 

by  means  of  Sulphuric  add  (and  more  particularly  as  a  test  for 

t?ie  presence  of  Caldun^. 

If  these  silicicAuorides  are  treated  with  concentrated  chemi- 
cally pure  sulphuric  acid  which  has  been  diluted  with  an  equal 
volume  of  water  the  crystals  of  the  silicicfluoride  of  calcium 
are,  after  a  few  seconds,  surrounded  by  a  thick  beard  of  color- 
less monoclinic  needles,  ( gypsum  crystals),  while  upon  the  crys- 
tals of  strontium  only  a  very  slow  solution  into  little  grains 
(among  which,  a  very  few,  extremely  small,  short  needles  [cel- 
estine?]  are  seen  in  some  places)  is  to  be  noticed. 

After  some  hours  the  preparation  containing  the  silicicfluo- 
ride of  calcium  presents  an  aggregated  mass  of  striated,  very 
long,  monoclinic  needles  and  prisms,  while  in  the  preparation 
containing  silicicfluoride  of  strontium  nothing  new  is  to  be  no- 
ticed escept  a  few  shapeless  crystals. 

I  perform  this  experiment  in  the  following  way:  Upon  a 
wateh  crystal  by  means  of  a  very  finely  drawn  out  tube,  I  place 
a  few  drops  of  concentrated  chemically  pure  sulphuric  acid; 
upon  a  second  watch  glass  an  equal  number  of  drops  of  water 
of  the  same  size  as  the  drops  of  acid.  Now  I  put  a  few  drops 
of  the  mixture  of  the  two  substances  uiwn  the  silicicfluoride, 
formed  from  the  specimen,  and  place  the  cover-glass  upon  it 
and  bring  the  preparation  upon  the  table  of  the  microscope. 
At  this  point  one  must  move  it  very  carefully,  that  the  table  of 

1.  BUlclafluorldeotlroD(FeieiiFii)  prepared  by  dissolving  terrla  bydraM  In  bydro- 
flDOSlllcIt:  kold  and  evaporating  the  Hilution.  forms  a  yellowlBh  jelly  and  after  ooni- 
plete  dtylns  a  hulI-traDSpiireDt  blood-red  sumllke  mosa,  wblch  dissolves  easily  Id 
water.    (OnuUn'i  HondO.  d.  dnotv.  Ch.,  18TE,  p.  lOa.J 
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the  microscope  may  not  be  soiled.  Later  on  it  will  be  noticed 
that  the  balsam  plate  is  colored  red  (blood  red)  by  the  sulphuric 
acid^  but  since  it  does  not  lose  its  transparency  this  is  no  hind- 
rance to  the  success  of  the  experiment. 

It  might  be  noticed  here  that  hexagonal  prisms  of  pure  silicac- 
fluoiide  of  sodium  kad,  after  one  and  one-half  hours  in  sul- 
phuric {icid  diluted  with  an  equal  volume  of  water,  undergone 
no  change  except  that  they  had  assumed  a  slight  reddish  color. 
If  on  the  contrary — prepared  openly  under  other  conditions 
which  will  be  explained  hereafter— they  contained  calcium, 
they  dissolved,  the  more  rapidly  the  more  calcium  they  con- 
tained. Monoclinic  gypsum  needles  shot  up  and  increased  quite 
rapidly  upon  the  sides  of  the  hexagonal  prisms.  The  siliclcfluo- 
ride  of  calcium,  now  changed  into  a  sulphuric  acid  solution, 
separated  again  gradually  into  short  hexagonal  prisms,  whose 
mass  was  greatest  about  the  third  day  after  the  experiment;  but 
about  the  fifth  day  after  the  experiment  these  crystals  of  silicic- 
fluoride  of  sodium  formed  by  crystaUization  in  the  sulphuric 
acid  (diluted  with  an  equal  volume  of  water )  had  entirely  van- 
ished. 

Separation  of  the  Silicicjtitorides  of  Magnesium,  Iron  and  Man- 
ganese. 

a.  By  the  action  of  chlorine  gas. 

Place  the  object-glass  upon  which  are  the  silicicfluorides  of 
magnesium,  iron  and  manganese,  on  a  low  frame  (for  example 
upon  an  inverted  porcelain  crucible)  contained  in  the  chlorine 
gas  apparatus  (which  will  be  represented  and  described  later) 
and  heat  the  apparatus  gradually  so  that  small  but  numerous 
bubbles  may  be  developed  from  the  manganese  muriatic  acid 
solution.  After  the  development  of  gas  has  continued  from 
one  and  one-half  to  two  minutes,  the  preliminary  experiment 
may  be  considered  complete. 

Take  out  the  object-glass,  dry  it  carefully  and  place  it  upon 
the  table  of  the  microscope.  In  order,  however,  to  protect  the 
object-glass  in  all  possible  cases  against  accident,  the  silicic- 
fluoride  treated  with  chlorine  gas  may  be  furnished  with  a 
cover  glass. 

Upon  observing  all  these  silicicfluorides  under  the  micro- 
scope, one  flnds  that  the  silicicfluoride  of  iron  has  taken  an 
intense  citron-yellow  color,  without  having  lost  much  of  the 
sharpness  of  its  crystal  forms.  The  silicicfluorides  of  magne- 
sium and  manganese  on  the  other  hand,  have  remained  almost 
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colorless.  The  first  shows  a  streak  of  grey,  the  second  of 
red,  and  while  the  silicic&uoride  of  manganese  has  suffered 
a  transformation  into  little  crystals,  melted  prisms,  tablets  and 
grains,  or  seems  entirely  dissolved,  the  crystals  of  silicicfluo- 
ride  of  magnesium  have  only  melted  a  little  at  the  comers,  so 
that  they  remain  almost  unchanged. 
b.  By  means  of  ammoni am- sulphide  gas. 

In  a  beaker  place  an  inverted  porcelain  crucible,  upon  which 
lay  the  object-glass  on  which  are  the  three  silicicQuorides. 
Pour  into  the  beaker  a  little  pure  sulphide  of  anmionium  and 
cover  with  a  glass  plate  ;  or  yet  simpler,  hold  the  silicicfluo- 
rides  over  the  opening  of  a  flask  filled  with  pure  sulphide  of 
ammonium. 

In  both  experiments  it  will  be  noticed  that  the  silicicfiuoride 
of  iron  changes  quite  rapidly  to  blackish-gray  with  a  peculiar 
metallic  bronze  lustre;  while  the  silicicfiuoride  of  manganese 
appears  reddish  or  brownish-white  and  the  silicicfluoride  of  mag- 
nesium grayish-white.  Under  the  microscope  the  crystals  of 
silicicfluoride  of  iron  are  quite  black,  in  the  thinnest  places 
blackish-yellow;  those  of  magnesium  grayish-white,  and  those 
of  manganse  a  peculiar  reddish-gray,  the  last  being  sometimes 
changed  into  a  granular  mass.  Near  the  forms  of  the  two  last 
named  sUicicfluorides,  newly  formed  crystals  of  silicicfluoride 
of  ammonium  were  noticed. 
Chmpletian  of  the  preparation  for  the  purpose  of  its  preservation. 

If  it  is  desirable  to  preserve  the  preparation  carrying  the 
crystallized  silicicfluorides  as  a  proof  of  the  result  of  the  ex- 
periment, a  cover  glass  must  be  fastened  upon  it. 

If  the  investigatcMl  object  is  a  thin  section  whose  surface 
acted  upon  by  hydrofluosilicic  acid  show  distinct  etehings  it 
is  better  to  cover  it  not  with  Canada  balsam  but  with  a  thin 
layer  of  air,  which  can  be  managed  by  laying  the  cover  glass 
directly  upon  it  and  cementing  in  at  the  margins  with  C  anada 
balsam,  made  viscous  by  previous  warming. 

If  the  specimen  is  a  thin  section,  upon  which  no  peculiar 
etehings  are  observable,  it  can  be  covered  with  Canada  balsam 
in  the  usual  way  and  furnished  with  a  cover  glass.  Yet  the 
following  method  is  advisable:  lest  the  silicicfluoride  crystals 
may  be  misplaced  by  the  application  of  the  Canada  balsam  and 
the  pressure  of  the  cover-glass,  viz:  use  a  rather  weak  solution 
of  balsam — as  one  part  Canada  balsam  and  two  parts  chloroform 
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— lay  the  cover-glBss  carefully  upon  it  and  press  it  slowly  and 
softly. 

If  the  object  is  a  grain  of  mineral,  which  was  not  wholly  dis- 
solved in  the  drop  of  hydrofluosilicic  acid,  remove  the  remnant 
with  clean  pincers  if  it  would  prevent  by  its  projection  the  ap- 
plication of  the  cover-glass,  and  complete  the  preparation  in  the 
usual  manner. 

Remarks  upon   the  Investigation  of  some  of  the  petrologically  im- 
portant mineral  groups  according  to  the  forgoing  Tnethod. 

a.  Investigation  of  the  Feldspar  group. 

Among  the  branches  of  the  feldspar  group,  orthoclase  (sani- 
dine),  microcline  and  albite  (pericline),  in  the  form  of  cleavage 
sections,  are  least  aflected  by  hydrofluosilicic  acid;  they,  there- 
fore, usually  require  a  repeated  treatment  with  this  acid,  or  bet- 
ter still  a  treatment  with  flnohydric  gas,  which  will  be  discussed 
later. 

But  if  these  same  minerals  in  the  form  of  thin  sections  are 
treated  with  strong  hydrofluosilicic  acid,  the  first  attempt  to 
gain  knowledge  of  their  chemical  nature  is  apt  to  be  sufficient. 
Orthoclase  and  microcline  (Plate  I,  Fig.  16)  which  can  easily  be 
distinguished  from  each  other  by  their  internal  structure,  offer, 
on  treatment  with  hydrofluosilicic  acid  tesseral  crystals  (  odOxi  . 
0,  coO.  cdOqq  )  of  silicicfluoride  of  potassium,  and  near  them  are 
often  found  very  many  tiny  hexagonal  prisms  and  tablets  of 
silicicfluoride  of  sodium.  Albite  and  pericline  furnish  only 
silicicfluoride  of  sodium  (observed  when  magnified  to  the  400th 
power).  Oligoclase  poor  in  calcium,  treated  with  hydrofluo- 
silicic acid,  gives  (magnified  to  the  400th  power)  the  same  crys- 
tals as  albite  and  pericline,  extremely  small  but  usually  numer- 
ous hexagonal  tablets  (and  very  short  prisms),  which  some- 
times crowded  closely  together  resemble  very  tiny  spherical 
forms;  but  near  them  scattered  individual  spindle-shaped  or 
other  crystals  of  silicicfluoride  of  calcium  are  usually  noticed. 

Oligoclase  rich  in  calcium  furnishes  with  similar  treatment 
distinct  hexagonal  prisms  and  numerous  spindle-shaped 
forms  of  silicicfluoride  of  calcium.  (In  regard  to  the  latter, 
however,  it  must  not  be  overlooked  that  it  is  often  necessary  to 
adjust  the  microscope  very  carefully  till  the  field  of  vision  be- 
comes dark,  wiien  the  thin  section  specimen  is  most  plainly 
visible). 


>vGoot^lc 


STATE  GEOLOGIST.  S7 

In  thin  sections  of  andesine,  which  have  been  treated  with 
hydroflaosilicic  acid,  beautiful  hexagonal  prisms  of  silicic- 
fluoride  of  Bodimn  are  found,  besides  characteristically  devel- 
oped forms  of  siliicicfluoride  of  calcium. 

In  tiie  varieties  of  andesine  richest  in  lime  the  forms  of  both 
silicicfluorides  appear  to  preserve,  tolerably  well,  their  quan- 
titative  relations,  while  in  labradorite  the  silicicfiuoride  forms 
of  calcium  are  in  excess.  And  calcium  appears  in  just  bo  much 
greater  degree  in  anortbite  as  it  contains  leas  of  sodium.  It 
will  not  be  superfluous  to  remarli  here  that  the  smaller  the 
quantity  of  sodium  present  which  is  successful  in  develop- 
ment, the  more  easily  the  feldspar  specimen  is  decomposed  by 
hydrofluosilicic  acid. 

In  order  to  be  able  to  determine  the  individual  members  of 
the  feldspar  family  as  exactly  as  possible  let  a  comprehensive 
series  of  the  most  important  of  these  members — for  which  exact 
chemical  analyses  have  been  made — be  prepared,  which  will 
give  a  clear  view  of  the  various  quantitative  proportions  of  the 
silicicfluoride  forms  of  calcium  and  sodium  in  feldspars,  ob- 
tained by  the  action  of  hydrofluosilicic  acid;  and  let  this  series 
of  preparations  be  used  for  comparison  witlj  every  new  speci- 
men. Then  will  one  be  in  a  position  to  judge  with  which  prep- 
aration the  specimen  under  investigation  coincides  most  per- 
fectly and  so  to  which  feldspar  branch  it  stands  most  nearly 
related.  Moreover  the  feldspar  specimens  represented  upon 
Plate  I,  Figs.  17-20,  afford  some  interesting  points. 

b.  Distinction  of  apatite  from  nepheline. 

For  the  distinction  of  these  two  very  similar  minerals  Streng 
has  given  us'  perfectly  satisfactory  methods  in  thin  sections, 
founded  upon  the  application  of  molybdate  of  ammonium  mixed 
with  nitric  acid  and  of  concentrated  muriatic  acid  as  reagents. 
Hydrofluosilicic  acid  also  gives  satisfactory  results. 

The  cross  sections  of  nepheline  become  darker  than  those  of 
apatite  through  the  separation  of  the  silica  and  the  presence  of 
numerous  crystals  of  silicicfluoride  of  sodium,  sometimes  also 
silicicfluoride  of  potassium,  while  around  the  apatite  may  be 
noticed  clusters  and  groups  of  striated  long  prisms  and  needles 
of  silicicfluoride  of  calcium  with  the  characteristic  etchings. 
(Plate  II,  Pig.  16. ) 

c.  Distinction  of  the  minerals:  enstatite,  bronzite,  hypers- 
thene  and  diallage. 

1.   mcheiDiak'allliieraltiK.  HlttheUDDgBD.lSTS. 
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All  these  minerals  are  characterized  in  their  thin  sections  hy  a 
common  feature,  a  parallel,  sharply  rectilinear,  very  close 
grrooving  and  a  slight  dichroism,  and  may  therefore  give  cause 
for  confounding  them;  bat  treated  with  hydrofluosilicic  acid 
they  can  easily  be  distinfniished  by  the  silicicfluoride  crystals 
of  the  newly  formed  products. 

Upon  diaUage  the  silicicfluoride  of  calcium  and  also  those 
of  magnesium  and  iron  appear  numerously.  In  the  other  min- 
erals only  the  sllicic&uorides  of  magnesium  and  iron  are  to  be 
noticed.  And  if  these  are  treated  with  chlorine  gas  or  with 
sulphide  of  ammonium  gas  the  quantitative  proportions  of  the 
silicicfluorides  of  magnesium  and  iron  can  be  estimated,  so 
that  one  can  judge  which  of  the  three  minerals  he  has  before 
him. 

d.  Distinction  of  amphibole  and  biotite  in  thin  sections. 
Although  amphibole  and  biotite  at  first  sight  can  be  easily 

distinguished  from  each  other  it  is  not  always  the  case  in  thin 
sections.  For  the  thin  sections  of  both  minerals  have  often 
similar  outlines  and  are  usually  marked  by  the  same  color  and 
by  parallel,  rectilinear  grooving,  and  always  by  strong  dichro- 
'ism.  But  after  treatment  with  hydrofluosilicic  acid  silicic- 
fluorides  of  magnesium,  iron  and  calcium  appear  upon  the 
amphibole  thin  section,  and  silicicflnorides  of  magnesium,  iron 
and  potassium  upon  the  thin  section  of  biotite. 

e.  Distinction  of  lithia-mica,  litfaia-lron-mica  and  ordinary 
potassium-mica  or  muscovite. 

These  three  varieties  of  mica  can  scarcely  be  distinguished 
by  crystallographic  or  by  optical  properties. 

If,'  however,  they  are  toeated  with  hydrofluosilicic  acid, 
there  appear  upon  the  surface  of  the  lithia-mica  (for  example 
from  Roznau,  in  Moravia)  very  tiny,  six-sided  pyramids  of 
sUicicfluoride  of  lithium,  sometimes  distorted  by  an  abnormal 
development  of  two  planes,  which  in  the  second  variety  of  mica 
(for  example,  lithia  iron-mica  from  Zinnwald)  are  accompanied 
by  crystals  of  silicicfluoride  of  iron.  Upon  muscovite  (for 
example  an  ordinary  potassium-mica  from  Crreenland)  only  sol- 
itary hexahedral  crystals  of  silicicfluoride  of  potassium  can 
be  noticed.  Especially  do  these  varieties  of  mica  belong  to 
those  minerals  which  are  acted  upon  with  the  greatest  difBculty 
by  hydrofluosilicic  acid. 
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II.    Application   of   Pluohydeic  Gas  for  the  Identi- 
fication OF  Alkali  Metals  in  Silicates,  Espe- 
cially IN  Those  Which  are  Only  Slighthy 
Affected  by  Hydrofluosilicic  Acid. 
Principle  of  the  Method. 

If  a  silicate  is  treated  with  fluobydric  gas,  its  metals  will  be 
changed  into  silicic  fluorides,  single  or  double  fluorides,  of 
which  one  can  easily  become  convinced  by  obBerving  the  fer- 
mentation' when  the  specimen  is  further  treated  with  concen- 
trated sulphuric  acid. 

By  the  action  of  hydrofluoric  gas  upon  alkaline  silicates  sili- 
cic fluorides  of  the  alkalies  are  formed,  which,  extracted  with 
boiling  water,  can  be  brought  to  crystallization  by  evaporating 
the  solution  to  one  drop  and  placing  this  upon  the  object-glass, 
and  can  then  be  observed  under  the  microscope.  These  forms 
are  not  essentially  different  from  those  produced  by  hydrofluo- 
silicic acid. 

In  this  way  the  most  positive  determinatioit  can  be  made  for 
the  smallest  quantity  of  alkali  in  silicates,  especially  of  po- 
tassium. 

If  the  specimen  treated  with  fluohydric  gas  and  afterward 
boiled  down  in  water  contained  alkaline  earths  besides  the  al- 
kalies, usually  only  asmsbU  portion  of  the  alkaline  earths  is  dis- 
solved, in  the  form  of  silicic  fluorides  in  the  aqueous  solution, 
the  larger  portion  remaining  in  the  specimen. 

Several  experiments  which  I  made  upon  feldspar  specimens 
for  the  purpose  of  separating  all  the  alkalies  of  that  part  of  the 
specimen  changed  by  the  fluohydric  gas  as  silicic  fluorides 
and  retaining  in  the  specimen  the  greater  portion  of  the  cal- 
careous earths  as  a  fluoride,  led  approximately  to  this  rule: 
That  the  specimen  (of  2 — 6  n  "°  D.)  treated  with  fluohydric 
gas  should  be  boiled  upon  a  platinum  dish  (of  45™  D,)  filled 
with  water,  as  numy  minutes  as  the  upper  surface  of  the  speci- 
men contains  a  mm.  And  the  calcium  fluoride  remaining  in  the 
specimen  can  then  be  dissolved  in  concentrated  sulphuric  acid 
and  made  visible  in  the  form  of  gypsum  crystals  so  that  its 
quantitative  relation  to  the  alkalies  can  be  estimated. 

But  tt  the  specimen  treated  with  fluohydric.  gad  contuns 
only  alkalies  (and  no  alkaline  earths)  then,  after  a  complete 
removal  of  the  silicic  fluorides  of  the  alkalies  (by  boiling  away 

1  Ab  K  retult  ol  th«  developmeiit  ot  hrdrofluorlc  g«3  and  JbIUoIo  duoiida  &t  the 
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in  water),  on  farther  treatment  of  the  specimen  with  sulphuric 
acid  no  fermentation  and  especially  no  devlopement  of  fluo- 
hydric  gas  is  observed. 

Before  I  was  certfun  of  the  application  of  hydroflao  silicic 
acid,  as  the  most  suitable  reagent  for  the  determination  of 
Individual  metals  in  minerals,  I  used  fluohydric  gas  and  sul- 
phuric acid  for  the  detection  of  single  members  of  the  feldspar 
family  and  in  the  following  manner: 

After  I  bad  taken  all  the  silicic  fluorides  from  that  portion  of 
the  specimen  changed  by  fluohydric  gas  by  means  of  boiling 
with  water,  I  allowed  these  silicic  fluorides  to  crystallize  upon 
an  object  gliiss.  I  then  decomposed  the  calcium  fluoride 
remaining  in  the  specimen  by  means  of  sulphuric  acid,  and 
allowed  the  calcium  sulphate  to  make  its  appearance  ou  a 
second  object  glass  in  the  form  of  gypsum  crystals.  By  com- 
paring the  quantitative  proportions  of  the  crystals  of  silicic 
fluoride  and  the  gypsum  crystals  I  was  able  to  draw  a  corres- 
ponding conclusion  regarding  the  quantitative  relations  of  the 
alkali  metal  (sodium)  to  calcium. 

Moreover,  I  sometimes  tried  the  following  plan :  I  treated 
two  specimens  of  an  equal  size,  and  equally  changed  by  fluo- 
hydric gas,  with  equal  drops  of  snlphuric  acid,  one  piece  after 
the  other,  after  the  boiling  with  water,  and  noted  in  each  case 
(a)  the  continuance  of  effervescence,  or  development  of  gas. 
and  (t>)  the  quautlty  of  gas  bubbles  developed,  enclosed  by 
sulphuric  acid. 

From  the  relations  of  the  data  preserved,  I  was  able  to  draw 
a  correct  conclusion  regarding  the  quantitative  proportions  of 
sodium  to  calcium  in  oligoclase  feldspar  ;  for  by  treatment  of 
the  specimen,  changed  by  fluohydric  gas,  with  sulphuric  acid 
before  boiling  away  with  water,  all  the  fluorides  were  decom- 
posed, while  by  treatment  after  boiling  away  with  water,  only 
the  undissolved  calcium  fluoride  remained  for  separation. 

Experiments  made  upon  a  specimen  of  chiastoUte  with  fluo- 
hydric gas,  showed  through  the  effervescence  of  the  specimen 
in  sulphuric  acid  that  the  clay  was  also  changed  into  a  fluoride, 
which  was  dissolved  In  water  but  not  crystallized. 

.  EXECUTION   OF  THE  METHOD. 

Apparatus  for  the  development  of  Jlxtohydric  gas  aitd  for  tiie  recep- 
tion of  the  ^>ecimen. 
In  order  to  develop  the  fluohydric  gas  and  cause  it  always 

to  act  upon  the  thin  section  or  specimen  of  whatever  kind, 


>vCoo<^lc 


STATE  GEOLOGIST. 


31 


I  use  a  platinum  crucible  of  the  size  of  Fig,  1,  In  the  cru- 
cible is  a  frame  of  platinum  wire  which  supports  a  platinum 
plate  pierced  with  an  annular  opening,  with  upturned  edges; 
the  margin  of  the  plate  and  one  circular  opening  in  the  center 
also  have  upturned  edges.  This  plate  serves  for  the  recep- 
tion of  the  specimen. 

Fig.  1  represents  a  section  of  the  crucible  with  the  frame 
and  plate,  and  Fig.  2  the  surface  of  the  plate. 

Fls.  1.  Fig.  S. 


Instead  of  the  plate  a  narrow  strip  of  platinum  ma;  be  used 
to  receive  the  specimen. 

For  covering  the  crucible  I  use  a  circular  piece  of  platinum 
which  extends  over  the  edge  of  the  crucible,  and  is  furnished, 
upon  that  side  which  is  next  the  crucible,  with  a  coating  of 
wax  (to  be  warmed  before  each  experiment),  in  order  to  make 
it  adhere  firmly  to  the  crucible.  To  assist  in  this,  a  weight  is 
laid  upon  the  piece  of  platinum  acting  as  cover. 

The  thin  sections  or  pieces  to  be  investigated  are  so  placed 
upon  the  platinum  plate  (or  strip  of  platinum,)  that  little 
spaces  are  left  between  them  so  that  a  greater  or  less  number 
(from  10  to  20)  of  specimens,  according  to  their  size,  can  be  ex- 
posed at  once  to  the  action  of  fiuohydric  gas. 

Only,  at  this  point,  it  is  necessary  to  note  the  relative  posi- 
tions of  the  specimens  in  order  to  avoid  errors  in  subsequently 
confusing  them. 

Treatment  of  the  spedinen  with  Jluokydric  gas. 

On  the  floor  of  the  platinum  crucible,  Bcatter  a  half  gram  of 
pure  finely  powdered  fiuoride  of  barium, '  place  the  platinum 
frame  in  position  and  pour  upon  the  inner  suriace  of  the  crucible 
enough  concentrated  chemically  pure  sulphuric  acid  to  entirely 
cover  the  fiuoride  of  barium;  then  sieze  quickly  (because  the 

Ml  With  bkrlum  ohlarlde  or  sal- 
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escape  of  flnohydric  gas  has  already  begun)  with  a  pair  of 
pincers  the  turned  up  edge  of  the  platinum  plate  carrying  the 
specimens,  lay  this  upon  the  frame  of  platinum  wire,  cover 
the  crucible  with  the  above  mentioned  waxed  platinum  cover  and 
place  a  weight  upon  it  in  order  to  hold  the  platinum  cover 
firmly  over  all. 

.  The  entire  apparatus  covered  with  a  glass  tumbler  or  an  in- 
verted beaker  may  now  be  left  standing  in  any  convenient  place. 
If  a  strip  of  platinum  has  been  used  for  holding  the  specimens 
instead  of  the  platinum  plate,  sufQcient  space  must  be  left  next 
the  strip  for  the  sulphuric  acid  to  be  poured  in  after  the  intro- 
duction of  the  specimens  Into  the  crucible,  in  which  case  it  is 
necessary  to  close  the  crucible  as  quickly  as  possible  to  prevent 
the  escape  of  the  flnohydric  gas  into  the  air. 

In  order  to  allow  the  fluohydric  gas  to  act  upon  the  specimen 
as  long  as  possible  I  am  accustomed  to  leave  the  apparatus 
closed  until  the  second  day,  when  it  is  opened  in  a  draught 
cupboard. 

After  the  settling  of  the  fluosilicium  and  the  removal  of  the 
superfluous  fluohydric  gas,  the  platinum  plate  with  specimen 
is  taken  out  and  the  specimens  closely  examined  to  see  if  any 
of  them  are  spotted  by  the  effervescence  of  the  fluoride  of  bar- 
ium or  by  the  sulphuric  acid. 

Boiling  away  in  chemically  pure  water  of  the  apeciTnen  changed  by 
the  action  of  hydrofluoric  add.  Extraction  and  crystalUzatiim  of  the 
silicic  fluorides  of  CAe  alkalies.  Their  appearance  under  the  micros- 
cope. 

Cut  from  the  thin  section  acted  upon  by  hydrofluoric  gas  a 
specimen  of  3 — 6  d  ■■°,  or  if  the  specimen  acted  upon  was  a  frag- 
ment, cut  a  piece  of  the  size  of  a  small  pea  and  lay  it  in  a  per- 
fectly clean  platinum  dish,  fill  the  latter  with  chemically  pure 
water,  take  it  up  with  iron  tongs  and  hold  it  in  the  flame  of  a 
spirit  lamp  until  the  water  has  boiled  at  least  as  many  minutes 
as  the  surface  of  the  specimen  contains  d  ~™ .  By  gentle 
movements  of  the  vessel  take  care  that  the  specimen  moves 
about  in  the  water. 

After  the  boiling  remove  the  specimen  from  the  water  with 
perfectly  clean  pincers,  wash  It  with  water  and  lay  it  one  side 
upon  an  unused  object  glass. 

Evaporate  the  aqueous  solution  at  not  too  high  a  temperature 
to  one  large  dn>Pi  place  this  upon  the  thin  (bard)  balsam  sur- 
face of  an  object  glass  and  let  it  dry  in  a  place  free  from  dust. 
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During  the  drying  the  silicic  fluorides  separate  in  beautifully 
formed  crystals  which,  after  complete  drying,  can  be  exam- 
ined with  the  microscope  (most  Buccebstully  when  magnified  to 
the  400th  power.) 

The  ailicic  fluoride  of  potassium  appears  in  hexahedrons,  which, 
at  times,  form  splendid  cruciform  or  chandelier-like  groups,  or 
in  combination  forms  of  the  hexahedron  wit^  the  octahedron, 
or  of  rhombic  dodecahedron  with  the  hexahedron.  Often 
these  are  imperfectly  formed  crystals  of  the  tesseral  system, 
distorted  in  the  line  of  the  axes;  but  their  opacity  between  the 
crossed  Nichols  seems  to  easily  distinguish  them  from  the 
silicic  fluorides  of  all  other  metals,  i  unless  it  be  the  similarly 
formed  silcic  fluorides  of  metals  that  occur  very  infrequently: 
csesium,  rubidium,  thallium.) 

The  silicic  Jtuoride  of  sodium  appears  in  hexagonal  prisms 
which  are  terminated  by  basal  planes,  or  by  a  blunt  pyramid, 
whose  vertical  edges  are  sometimes  blunted  by  the  narrow 
planes  of  a  secondary  prism.  Yet  quite  often  regularly  formed 
crystals  of  silicic  fluoride  of  sodium,  barrel-shaped,  oval, 
elliptical  and  cylindrical  forms, which  belong  to  the  same  silicic 
fluoride  metal,  are  found  near  these. 

From  all  the  specimens  of  oligoclase  feldspar,  I  obtained 
near  the  above  mentioned  forms  of  sodium,  a  small  quantity  of 
long  pointed  needles,  or  long  thin  four  sided  prisms  terminated 
by  a  couple  of  inclined  planes,  which  I  think  I  may  regard  as 
silicic  fluoride  forms  of  calcium,  since  the  above  mentioned 
.  feldspar  contains,  besides  sodium,  calcium  and  aluminium, 
no  other  constant  metal,  and  since  from  pure  clay  silicates 
(chiastolite  and  kaolin)  no  silicic  fluoride  appeared  in  such 
needles  and  prisms,  yet  I  always  found  these  forms  in  small 
quantities  in  anorthite  and  woUastonite. 

The  silicic  fluoride  of  sodium,  prepared  from  the  specimen  of 
oligoclase  feldspar,  appeared  commonly  in  imperfectly  formed, 
barrel-shaped,  oval  and  cylindrical  crystals,  which  sometimes, 
having  pierced  through  the  striated  mass  of  needles  and  prisms 
of  silicic  fluoride  of  calcium,  presented  splendid  groups. 

Treatment  of  the  specimen  boiled  in   water  with  sulphuric  acid 

Near  the  specimen,  freed  from  silicic  fluorides  by  boiling  in 
water,  and  which  has  been  laid  upon  an  object-glass,  place  one  or 
two  drops  of  sulphuric  acid  and  lay  over  it  such  a  cover-gliss 
that  the  specimen  will  be  covered  with  tne  acid.     Now  observe 
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(eventually  also  in  the  microscope)  whether  gas  comes  off  or 
not  If  no  gas  is  formed  then  heat  the  object-glass  gently 
some  ten  or  fifteen  seconds,  touching  the  point  of  the  flame  of 
the  spirit  lamp  with  the  edge  of  the  object-glass. 

If  no  gas  is  developed  in  the  last  named  case,  there  are  no 
metallic  fluorides  existing  in  the  specimen  boiled  with  water. 

If,  for  example,  the  specimen  was  a  member  of  the  feldspar 
family,  and  if  the  aqueous  solution  has  shown  only  silicic  fluor- 
ides of  the  alkaline  metals,  then  one  may  be  certain  that  the 
specimen  is  a  pure  potassium  or  natron  feldspar  (orthoclase 
sanidine  or  microcline,  or  albite,  or  pericline,  according  as  the 
silicic  fluoride  crystals  obtained  belong  to  potassium  or  sodium). 
If  only  a  very  weak  gas  development  is  noticed  in  the  feldspar 
specimen  boiled  with  water,  and  the  specimen  is  very  th^ly 
covered  with  gas  bubbles,  or  surrounded  by  a  thin,  spongy 
bubble-wreath,  then  one  may  assiune  thai  he  has  examined  a 
member  of  the  oligoclaae  series.  But  if  a  strong  and  continu- 
ous development  of  gas  and  of  gas  bubbles  occurred,  then  one 
has, — according  to  the  quantity  of  silicic  fluoride  cryst^s  of 
sodium  obtained  from  the  specimen — a  member  of  the  imdesine 
or  labradorite  series.  Anorthite  may  in  most  cases  be  recog- 
nized by  treating  the  feldspar  specimen  before  boiling  with 
water,  since  it  shows  no  eflervescence.  but  only  a  slow  but  strong 
development  of  tolerably  large  bubbles  of  gas  is  noticed,  while 
Edl  oligoclase  feldspars  treated  with  hydrofluoric  gas  e&ervesce 
in  sulphuric  acid,  the  more  energetically  the  more  soda  they 
contain. 

In  order  to  estimate  correctly  the  proportion  of  sodium  which 
has  been  obtained  in  the  form  of  silicic  fluoride  crystals,  to  the 
calcium  fluoride  remaining  in  the  specimen,  pour  oC  the  drop 
of  sulphuric  acid  with  the  rest  of  the  specimen  from  the  object 
glass,  into  a  clean  platinum  dish,  remove  the  specimen  and 
evaporate  the  sulphuric  acid  by  heating  the  platinum  cover. 
Dissolve  the  residuum  which  may  be  left  in  a  large  drop  of 
water,  place  it  upon  a  clean  object  glass  uid  allow  it  to  dry. 
From  the  quantity  of  gypsum  crystals  formed,  which  can  now 
be  examined  upon  the  object  glass,  by  aid  of  the  microscope, 
in  proportion  to  the  quantity  of  silicic  fluoride  crystals  of 
sodium,  which  one  has  obtained  from  the  aqueous  solution,  a 
safe  conclusion  can  be  arrived  at  as  to  which  series  the  feldspar 
specimen  belongs  to. 
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Remarks  on  tfie  application  of  hydrqfiuoric  gas  for  purifying  tur- 
bid thin  sections,  bringing  forth  clearly  tfie  mineral  outliTies  as 
well  as  (Ae  mineral  structure,  and  on  the  identification  of  colorless 
iTiclugif-ns  in  colorless  minerais. 

It  frequently  happens  that  thin  sections  of  rocks  which  have 
attained  the  greatest  possible  thinness  are  still  unfit  for  micro- 
scopic investigation  by  the  presence  of  several  dark  mixed 
substances  disseminated  through  the  entire  mass.  In  such  cases 
the  petrologist  must  next  solve  the  problem  of  how  to  remove 
the  dark  substances  without  crumbling  the  section. 

In  my  ewrlier  work  I  used  hydrochloric  acid  for  this  purpose. 
I  fastened  the  turbid  thin  section  to  an  object-glass  by  means  of 
Canada  balsam,  aad  let  it  lie  in  a  littlevcup  containing  hydro- 
chloric acid  several  hours  or  days,  according  to  the  acid's 
action  on  the  thin  section.  But  since  the  balsam  plate  under 
the  thin  section  became  dimmed  and  opaque  by  the  hydrochlo- 
ric acid,  I  put  upon  the  other  cleaned  and  dried  half  of  the 
object-glass  some  new  balsam,  to  which  I  gave  by  heating  the 
necessary  consistency,  and  shoved  over  upon  it  by  caiBful 
warming,  the  easily  freed  thin  section.  I  could  now  cover  it 
with  a  new  bihlsam  layer  and  apply  a  cover-glass,  as  is  custom- 
ary in  preparing  a  thin  section  for  investigation. 

In  this  way  I  obtained  satisfactory  results.  Thus,  for  ex- 
ample, I  succeeded  in  removing  the  calcite  from  the  dark  thin 
sections  (quite  unfit  for  microscopic  study)  of  grayish  white 
calcareous  aphanite  (diabase  amygdaloid)  from  KrussA  Hora, 
near  Beraum,  and  then  with  the  thin  section,  now  quite  trans- 
parent as  well  as  perforated,  in  proving  that  the  original  sub- 
stance of  the  calcareous  aphanite  is  identical  with  the  greenish 
black  heavy  diabase  of  the  same  locality. 

Fluohydric  gas  .also  renders  similar  service,  if  the  thin  sec- 
tion is  either  first  boiled  with  water  or  treated  with  sulphuric 
acid  according  to  its  mineral  properties.  Thus  the  thin 
sections  of  a  compact  porphyry,  quite  opaque  but  thin  as  paper, 
on  treatment  with  fluohydric  gas  and  subsequent  boiling  with  ' 
water,  became  quite  clear  and  bright  and  the  fragile  feldspathic 
forms  scattered  through  the  close  quartz  grains  were  readily 
recognized;  moreover  sections  of  nepheline  phonolite,  dark  but 
thin  as  paper,  required  besides  treatment  with  fluohydric  gas 
and  water,  sulphuric  acid  in  order  to  become  perfectly  clear 
and  transparent. 

An  interesting  appearance  presented  itself  to  me  in  a  iJiin 
section  of  phonolite  from  the  WachholderMts.  at  Teplitz,  where 
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the  ^ronnd  mass  consistiiig  of  a  homogeaeoas  polarizing  snb- 
staiice  (without  recognizable  outline)  is,  after  successive  treat- 
ments with  hydrofluoric  gas,  sulphuric  acid  and  water,  resolved 
into  rectangles  and  hexagons  of  nepheline.  And  upon  this 
section  of  nephline  appeared  a  significant  scaly  structure  of 
which  nothing  was  before  noticed.  It  is  evident  that  Mohl's 
nepheline-glasB  was  represented  here  in  plain  sections. 

Before  Des  Cloizeaaz's  epocb-makiDg  works,  "M^moire  snr 
I'ezisteuce,  les  propri^t^s  optiqnes  et  cristallographiques,*  et  la 
composition  chemiqae  da  microcline  eto."  (Extrait  des  CompL 
rendos,  ete.  t.  LXXXII,  17.  Avril  1876;  and  Extrait  des  Ann. 
de  chimie  et  de  Phys.,  5th  series,  t.  IX.,  1876)  were  by  the 
kindness  of  the  distinguished  author  placed  in  my  hands,  I 
bad  already  observed  the  characteristic  microstracture  of  am- 
azonite  from  Miask,  and  of  microline  from  Karlsbad'  (from  the 
systematic  collection  or  the  Bohemian  museum,  with  the  label 
"orthoclase  [white,  transparent  laminated]  from  Karlsbad"), 
and  upon  the  ground  of  the  changes  effected  by  hydrofluoric 
gas  and  water,  I  j  udged  th^t  intemfdly  or  structurally  different 
laminsa  are  present;  but  I  also  found  in  many  oligoclase  feld- 
spars laminse  which  under  the  influence  of  the  above  named  re- 
agents showed  a  substantial  difference. 

m.  Application  of  Chlorine  Gas  for  determining  the 
insolttbility  op  minerals  in  aclds,  the  g-blatinoos 
Nature  of  Silicic  Earths  separated  from  the  thin 

SECTIONS   OF  MANY   SILICATES,  AND  FOR   THB  DETEBUIHA- 

tion  OF  Alkalies,  Alkaline  Earths  and  Iron-Protox- 
ide. 

Development  of  Chlorine  Qas,  and  treatment  of  the  ^edmcnwith  it. 
For  developing  chlorine  gas  I  use  a 
glass  vessel  (somewhat  of  the  form 
represented  in  Pig.  3).  upon  the  bot- 
tom of  which  is  evenly  scattered  flne- 
ly  powdered  manganese  in  the  form 
of  a  ring  an  inch  in  width,  and  mois- 
ts tened  with  muriatic  acid.    Two  strips 
FiB.3.  of  glass  will  serve  to  hold  the  min- 

eral and  thin-section  specimens.  These  strips  should  be 
cemented  to  the  upper  side  of  a  glass  stopper  on  either  side  of 

1.  The  inicroatTUDture  ot  tbe  Knrlsbad  o 
Which  Dea  Ulolseaui  In  blaubove  oanied  vi 
from  Austmllal!). 
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the  handle  (as  illustrated  in  Fig.  3),  and  bymeans  of  the  stopper 
lowered  into  the  middle  of  Ihe  glass  vessel  from  whence  they 
can  be  Easily  withdrawn  when  the  operation  is  completed. 

But  if  microscopic  silicicfiuoride  crystals  which  are  apon  an 
object-glass,  are  to  be  exposed  to  the  action  of  chlorine  gas, 
then  a  low  uncovered  porcelain  crucible  may  be  used  to  sup- 
port the  object-glass. 

When  the  frame  carrying  the  specimens  has  been  placed  in 
the  glass  vessel  and  the  latter  closed  as  tightly  as  possible  witii 
a  glass  plate,  whose  edge  has  been  rubbed  with  greaae,  then 
place  the  glass  vessel  upon  a  wire  netting  over  a  spirit-lamp 
and  heat  it  till  gas  has  developed  rapidly  for  five  minutes. 

Special  care  must  be  taken  while  heating  this  that  no  large 
bubbles  form  lest  by  their  bursting,  the  specimen  should  be 
soiled. 

After  about  five  minutes  development  of  gas,  the  vessel 
should  be  taken  from  the  flame  and,  with  its  cover,  left  stand- 
ing twenty-four  hours  upon  the  work-table;  bat  during  this  time 
the  heating  (for  the  development  of  a  new  portion  of  chlorine 
gas)  may  be  repeated,  as  often  as  the  nature  of  the  mineral 
under  investigation  may  require. 

After  the  action  of  the  chlorine  gas  has  lasted  about  twenty- 
four  hours,  the  frame,  (the  glass  stopper)  with  the  specimens, 
is  taken  out,  each  specimen  laid  upon  another  object-glass  (with 
the  side  acted  upon  uppermost)  and  subjected  to  microscopic 
examination. 

If  the  presence  of  (liquid)  chlorides  of  the  alkaline  earths 
(calcium  and  magnesium)  as  new  formations,  is  expected  and 
it  is  wished  to  obtain  them  in  characteristic  crystalline  forms, 
it  is  advisable  to  place  the  object-glass  holding  the  S3>ecimen  in 
a  drying  dish  for  the  complete  drying  of  the  specimen,  then  to 
immediately  enclose  it  in  Canada  balsam  and  place  it  under 
a  cover  glass. 

If  microscopic  silicic  fluoride  crystals  (upon  an  object-glass) 
are  exposed  to  the  action  of  chlorine  gas,  from  three  to  five 
minutes  of  this  action  is  sut&cient  to  bring  out  the  character- 
istic changes  upon  the  silicic  fluoride  crystals;  then  the  object 
glass  is  to  be  taken  out,  thoroughly  cleansed  and  the  changed 
crystals  examined  under  the  microscope. 

Proof  of  the   insolubility  of  a  mineral  in  acids. 

For  testing  the  insolubility  of  certain  minerals  of  a  mixed 
rock  in  acids,  the  specimen  in  the  form  of  powder  was  usuimy 
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boiled  in  hydro-  chloric  acid,  shaken  and  left  standing  for 
some  time.  Then  the  changed  specimen  -was  investigated  by 
microscopic  observation  and  compared  with  fresh  material  for 
the  purpose  of  establishing  which  minerals  were  wholly  de- 
composed, which  in  part  and  which  remained  iindecomposed. 

Although  the  recognition  of  half-decomposed  minends  in 
their  tiny  fragments  under  the  microscope  was  often  attended 
with  difficulty,  still  these  methods  led  in  many  cases  to  the  de- 
sired result,  pi-ovided  the  strength  of  the  acid,  the  continuance 
of  its  action  and  the  temperature  by  which  the  itction  was  ac- 
companied received  proper  consideration  in  proportion  to  the 
effect  obtained  upon  determined  minerals  of  the  specimen. 

Especially  important  was  the  falflllment  of  these  conditions, 
if  the  specimen  was  treated  in  the  form  of  a  thin  section,  since 
in  this  case  a  complete  decomposition  of  the  mineral  had  not 
been  sought  but  only  a  clear  change  upon  its  (the  thin  section's) 
upper  surface  (evident  mainly  along  the  edge  and  in  the  clefts). 

In  the  investigation  of  the  insolubility  of  minerals  In  acids 
when  occurring  in  crystalline  rocks,  it  was  found  profitable  to 
lay  the  thin  section  fastened  to  the  object  glass  by  Canada 
balsam  in  a  little  cup  having  a  smooth  bottom,  in  which  has 
beenplaced,according  to  the  requirements, hydrochloric  acid  or 
aqua  regia;  to  leave  it  in  this  several  days  in  perfect  quiet,  and 
then,  after  removing  the  acid  from  the  specimen  by  careful  im- 
mersion in  chemically  pure  water,  ( the  object  glass  being  in  a 
horizontal  position)  and  drying  with  great  care,  to  subject  it  to 
microscopic  examination;  for  by  this  process  it  was  possible 
not  only  to  observe  the  decomposition  of  many  minerals  by 
means  of  the  changes  on  their  upper  surfaces,  but  also  to  de- 
termine the  nature  and  quantity  of  the  silica  separated  from 
the  silicates. 

If  the  lower  part  of  the  specimen  on  the  balsam  plate  has 
become,  by  the  action  of  the  acid,  dark  and  opaque  it  .can  by 
careful  heating  be  loosened  and  slipped  upon  a  new  balsam 
plate  placed  upon  the  same  object  glass. 

Instead  of  all  these  methods  for  determining  the  insolubility 
of  the  several  minerals  in  a  thin  section,  I  believe  a  new  one 
may  be  presented  as  the  most  useful,  namely,  that  which  is 
based  upon  the  action  of  chlorine  gas  upon  thin  sections  of 
rocks  and  minerals. 

According  to  this  method  the  thin  section  specimens  are  laid 
upon  the  glass  strips  of  the  frame  (glass  stopper)  in  fig.  3, 
page  86,  as  close  to  the  edge  as  possible  but  not  so  close  to- 
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gether  as  to  tonch  and  in  the  manner  described  above  (pages 
3S  and  37)  exposed  for  about  twenty- four  hours  to  the  action 
of  chlorine  gas.  After  being  taken  out  of  the  apparatus  each 
specimen  is  placed  npon  a  new  object-glass  (arranged  with  the 
treated  surface  uppermost)  and  examined  In  the  microscope. 

If  the  thin  section  Is  spotted  upon  Its  upper  surface  with 
drops  of  chlorine  water — which  usually  occurs  with  minerals 
which  separate  much  gelatinous  silica— the  specimen  may  be 
dried  in  the  exsiccator. 

With  the  microscopic  Investigation  here  proposed,  for  which 
previoQS  experiments  upon  determined  minerals  must  be  laid 
down  as  a  guide  for  the  determination  of  the  decomposition  of 
a  thin  section  of  mineral  by  means  of  chlorine  gas  (under  the 
above  mentioned  conditions)  the  following  points  must  be  ob- 
served: (a)  the  nature  and  quantity  of  the  silica  separated  out 
of  the  silicates,  (ft)  the  quantity  of  the  chlorides  formed  upon 
the  upper  surface  of  the  mineral,  (c)  the  nature  and  strength 
of  the  etchings  effected  by  the  chlorine  gas. 

The  following  may  be  taken  as  a  general  rule:  Tke  more  the 
sUica  that  has  separated  from  a  silicate,  the  more  the  chlorides  that 
have  formed  and  the  more  strongly  marked  the  etchinge,  so  much  the 
greater  ia — uTider  a  like  conditUm-^t?ie  decomposition  of  the  mineral. 

Determination    of  tJie  geUUiiwus   nature  of  the  silica  separated 

upon  the  upper  surface  of  silioates. 
If  one  has  observed  in  the  microscope  the  gelatinous  silica  sep- 
arated by  chlorine  gas,  upon  the  surface  of  some  minerals,  for 
example,  nepheline,  elaeollte  or  olivine,  and  has  distinguished 
it  from  the  powder-like  silica  of  some  minerals,  he  is  in  most 
cases  able  to  determine  whether  the  silica  separated  upon  an- 
other mineral,  Is  of  a  gelatinous  or  powder-like  nature. 

In  order,  however,  to  determine  in  every  case  with  certainty 
the  nature  of  the  silica,  the  method  proposed  by  Behrens, 
which  is  based  upon  the  capacity  of  gelatinous  substances  for 
absorbing  coloring  matter,  is  strongly  recommended. 

I  make  use  of  this  peculiarity  of  gelatinous  substances  in  the 
loUowtegway:  I  cover  the  thin  section  treated  with  chlorine 
gas  and  placed  upon  a  clean  object-glass  with  a  drop  of  fucbsin- 
solution,  and  after  some  time  I  lay  the  object-glass  with  the 
thin  section  upon  it  in  a  crucible  filled  with  chemically  pure 
water. 

If  there  is  no  gelatinous  substance  upon  the  upper  surface 
of  the  thin  section,  the  color  of  the  thin  section  vanishes  in  a 
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very  sbort  time,  Bince  the  coloring  matter  meatioDed  is  veiy 
easily  solable  in  water,  but  if  there  is  gelatinous  substance 
npon  the  upper  surface  of  the  thin  section  then  every  smallest 
part  of  the  gelatined  silica  wi)l  be  afFected  by  the  red  fucbsln 
solution,  which  cannot  be  removed  from  gelatinous  substances 
by  water. 

In  this  process,  care  should  be  taken  that  the  thin  sections 
be  thoroughly  cleansed  before  the  treatment  with  the  chlorine 
gas  and  that  no  portion  of  the  silica  i>e  spilled  from  the  surface 
of  the  thin  section  into  the  water  by  the  movement  of  the  object 
glass.  While  the  latter  condition  is  very  easily  fulfilled  by  a 
careful  carrying  out  of  the  operation  mentioned,  the  former 
nsoally  requires  a  suitable  cleansing  of  the  thin  section  witit 
alcohol  or  better  still  with  chloroform,  since  the  least  trace  of 
Canada  balsam  which  remains  imbedded  in  the  crevices  of  the 
thin  section  may  produce  the  same  result  as  gelatinous  silica. 

This  method  is  excellent /or  diatinguiahinff  rieplieline  from  apa- 
tite and  from  monoclinic  feldspar  forms,  and  equally  so  for  dis- 
tinguishing hauyne  and  noseanfrom  leucite. 

The  application  of  this  process  upon  the  thin  sections  of  var- 
ious kinds  of  rocks,  especially  upon  the  thin  sections  of  basalt 
from  Schlanberg  and  of  nepheline  phonolite  from  the  Wach- 
bolder  mountains  at  Teplitz  is  very  satisfactory.  The  thin  sec- 
tions of  the  first  rock,  magnified  to  the  four  hundredth  power, 
showed  intense  red  olivine,  nepheline  and  hauyne  fiakes  in  reg- 
ular arrangement  between  augite  groups,  and  numerous,  color- 
less apatite  sections,  while  on  the  phonolite  thin  section,  the 
quantity  of  sanidine  tablets  remaining  colorless  between  the  red 
nepheline  sections  could  be  easily  examined  and  determined. 

Preparation   anil  examination  of  tfie  chlorides  formed  by  the  action 

of  chlorine  gas. 

By  the  action  of  chlorine  gas  upon  a  silicate  which  contains 
alkalies  and  alkaline  eai-ths,  and  which  suffer  decomposition  by 
means  of  the  above  mentioned  reagent,  metals  of  the  alkalies  or 
alkaline  earths  are,  in  the  changed  portions  of  the  silicate,  pro- 
duced in  the  form  of  chlorides  which  appear  upon  the  surface 
of  the  fragment  of  thin  section  in  more  or  less  perfect  crystals. 

The  chloride  of  sodium  very  readily  crystallizes.  Its  cube 
shaped  crystals  and  step-like  structures  are  best  seen  in  those 
silicates  which  separate  powder-like  silica  (as  for  example, 
andesine,  labradorite),  but  far  moi-e  numerous  do  they  appear 
upon  those  silicates  containing  soda  (as  elfiolite),  but  they  lie 
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imbeded  in  the  silicic  gelatioe  and  are  more  or  less  covered 
with  it. 

In  order  to  determine  the  sodium  chloride  crystals  in  the  last 
named  case,  it  is  advisable  to  cover  the  specimen  with  a  solu- 
tion of  Canada  balsam  in  chloroform  and  to  supply  it  with  a 
cover-glass;  for  in  this  way  the  silicic  gelatine  becomes  strongly 
pellucid  and  shows  the  colorless  cubes  of  sodium  chloride. 
The  chloroform,  moreover,  seems  to  cause  the  sodium  chloride 
left  in  solution  in  the  gelatinous  silica  to  crystallize . 

Less  easily  does  the  chloride  of  potassium,  which  is  isomor- 
phous  with  sodium  chloride,  crystallize.  And,  to  cause  the 
rhombohedral  prisms  (ooR.  R. — R.  OR)  and  tablets  of  calcium 
chloride  (GaCl,-(-  6H,  O),  and  chloride  of  magnesium  (Mg' 
Cl,-f6H,  O),  which  liquify  on  exposure  to  air,  to  crystallize 
upon  mineral  thin  sections  by  treatment  with  chlorine  gas,  is 
most  difficult  of  all. 

The  forms  of  the  two  last  named  substances,  which  usually 
present  distinct  crystals  only  under  the  exsiccator,  are  gener- 
ally spherical,  elliptical  or  cylindrical,  if  they  are  successful 
in  formation. 

From  the  ferruginous  silicates,  which  suffer  decomposition 
on  treatment  with  chlorine  gas,  appe,aT  often  chlorides  of  iron. 
But  since  they  belong  to  substances  most  soluble  on  exposure 
to  air,  they  will  not  appear  clearly  in  crystal  forms  upon  the 
mineral  thin  section,  but  appear  as  a  half -liquid  pigment  upon 
the  mineral  from  which  they  are  derived,  gradually  impreg- 
nating the  adjoining  portions  of  the  thin  section.  Thus,  from 
ferrous  chloride  as  well  as  ferric  chloride  may  proceed  the 
intense  yellowish- green  or  greenish-yellow  color  which  appears 
upon  the  colorless  or  pale  yellow  olivine  section,  or  upon  other 
minerals  containing  iron  protoxides,  if  they  are  exposed  to  the 
action  of  chlorine  gas. 

Judicious  use  of  Streng's  methods  for  the  identiflcalion  of  apatite  in 
thin  sections,  and  especially  after  treatment  with  chlorine  gas. 
In  order  to  determine  apatite  iu  thin  sections  of  rock,  'Streng 
has  made  the  practical  suggestion  that  the  thin  section,  placed 
upon  an  object-glass,  be  treated  first  with  hydrochloric  acid 
(to  dissolve  the  apatite)  and  then  with  molybdate  of  ammonia 
(diluted  with  nitric  acid  until  the  white  precipitate  again  dis- 
solves), then  furnished  with  a  cover  glass  and  studied  under  a 
microscope.     Prom  the  quantity  of  tiny  but  shapely  formed 

1  TBchermak's  Hlneralt^.    MttthellanB-    1878. 
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citron-yellow  crystalB  (magnified  to  the  400th  power)  which  I 
have  usually  regarded  as  rhombic  dodecahedrons,  (rarely  octa- 
hedrons) of  the  tesseral  system,  the  Quantity  of  phosphate 
(apatite)  appearing  in  the  thin  section  can  usually  be  deter 
mined  in  similar  proportions. 

Since  apatite,  like  every  other  phosphate,  is  more  or  less 
affected  by  chlorine  gas,  the  thin  section  treated  with  chlorine 
gas,  in  which  one  has  already  microscopically  studied  tbe 
decomposition  of  the  minerals,  can,  for  the  determination  of 
the  phosphoric  acid,  be  treated  with  one  or  more  drops  of 
molybdate  of  ammoniai  diluted  with  a  corresponding  amount  of 
nitric  acid,  and  furnished  with  a  cover-glass  for  microscopic 
ezaminatioD ;  eventually,  also,  inclosed  in  Canada  bal^m 
applied  at  the  edge  of  the  cover  glass. 

The  result  is  in  general  the  same  as  that  shown  in  the  first 
paragraph ;  but  in  particular  it  is  to  be  observed  that  if  sili- 
cates which  have  separated  gelatinous  silica  exist  near  rich 
apatite  in  a  thin  section,  they  are  juat  as  much  impregnated 
with  the  citron-yellow  substance  of  the  phospho-molybdate  of 
ammonia  comix>und,  as  with  the  red  fuchsin  solution.  Thus 
the  reaction  under  these  conditions  serves  a  double  purpose: 
(a)  the  proof  of  the  existence  of  a  phosphate  in  the  thin  sec- 
tion, and  (&)  the  proof  of  the  gelatlnons  nature  of  the  silica 
separated  from  a  silicate. 

IV.  The  Production  and  Observation  of  Etchings,  and 
THEIR  Importance  in  the  Determination  of  Minerals 
IN  THIN  Sections. 

In  the  introduction  (page  6),  all  those  works  were  specified 
which  treat  of  the  representation  of  etchings  upon  various  sur- 
faces of  many  minerals  and  of  their  crystallographical  signifi- 
cance. But  at  the  same  time  the  remark  was  made,  that  up  to 
the  present  time  no  decided  step  had  been  taken  td  turn  to 
account  these  etchings  for  determining  the  individual  minerals 
in  thin  sections.  . 

I  am  unfortunatelv  unable  to  describe  a  large  series  of  favor- 
able results;  for  only  upon  the  thin  sections  of  a  few  minerals 
have  I  observed  perfectly  characteristic  and,  according  to  the 
above  methods,  easily  presented  etchings,  which  show  finely 
the  structure  of  the  crystals  of  the  individual  minerals.    But 
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the  thin  sections  of  most  minerals  treated  with  hydrofluo-silicic 
acid  or  h;droflnoric  gas,  or  chlorine  gas,  show  upon  their  upper 
surfaces  changes  produced  by  etchings,  which,  although  hardly 
definable  in  words,  present  to  the  observer  not  an  accidental 
appearance,  but  one  closely  connected  with  the  inner  structure 
of  the  mineral,  so  that  in  most  cases  their  examination  seems 
to  be  of  value. 

Since  the  nature  of  the  etchings — by  which  term  I  believe  it 
is  allo'vable  to  indicate  all  depressions  and  protniberances  in 
any  degree  characteristic,  produced  upon  the  mineral  sectaon 
by  a  chemical  reagent— depends  upon  the  crystallographical 
condition  of  tbe  mineral  section,  various  etchings  naturally 
appear  upon  the  various  sections  of  the  same  mineral;  and  this 
furnishes  us  with  a  reaction  which  sometimes  is  not  unimpor- 
tant in  the  determination  of  a  mineral. 

It  is  to  be  noticed  that  with  the  appearance  of  the  etchings 
on  mineral  sections  new  products  also  appear  by  the  action  of 
the  chemical  agents,  or  substances  (like  silica)  are  separated, 
which  cover  the  etchings  more  or  less  whoUy  and  must  there- 
fore be  removed  if  the  etchings  are  to  be  clearly  studied. 

If  the  new  formed  products  are  silicic  fiuorides  or  chlorides 
their  removal  from  the  surface  of  the  thin  section  can  be  se- 
cured by  repeated  boiling  in  water,  which  can  be  conveniently 
done  npon  a  platinum  lid.  And  by  the  mechanical  action  of 
the  boilingwater  the  silica  which  may  have  separated  is  nsnally 
washed  away  from  the  surface  of  the  thin  section.  If  the  new 
formed  products  are  fluorides  of  alkaline  earths  which  are  in- 
soluble in  water  they  can  be  dissolved  by  sulphuric  acid  and 
then  removed  by  water.  But  in  the  latter  case  it  must  be 
noticed  that  the  action  of  the  sulphuric  acid  upon  the  surfaces 
of  many  minerals  results  in  additional  etehiugs. 

In  order  that  the  surface  of  an  etched  mineral  section  freed 
from  new  formed  products  and  thoroughly  cleansed  may  be 
conveniently  observed  under  the  microscope  it  should  not  be 
covered  with  Canada  balsam  but,  if  the  section  is  to  be  pre- 
served in  the  form  of  a  microscopic  preparation,  a  cover  glass 
should  be  at  once  placed  upon  it,  and  the  edge  of  this  cemented 
to  the  object-glass  by  Canada  balsam  or  some  similar  sub- 
stance, the  proper  consistency  being  attained  by  heating  on  an 
object-glass. 

1,     Etchings  produced  upon  the  aurfaee  of  apatite. ' 

1   Borich7-BIUuiiRsber, d. k. Bahno. Qes.d.  WlmemMh,  V.  SPeb.,  1BT7. 
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a.    By  action  of  chlorine  gas. 

By  the  action  for  tweoty-four  hours  of  chlorine  gas  upon 
thin  sections  of  apatite  from  Schlackenwald,  the  sections  being 
cut  parallel  with  the  basal  planes,  their  upper  surface  (m&giii- 
fled  to  the  400th  power)  was  changed  into  an  aggregate  of 
Apparently  hexagonal  crystals,  thickly  crowded  together  and 
clinging  to  each  other  (snbindividual  crystal  molceules) 
(P  or  P.  0  P  or  0  P.  P)  which  were  placed  for  the  most  part 
perpendicalar  to  the  basal  planes  or  showed  only  a  slight  in- 
eUaation  toward  them. 

In  the  outer  zones  the  crystals  were  of  various  sized  diam- 
eters and  distinguished  for  the  most  part  by  prominent  basal 
planes,  but  the  boundary  lines  of  the  outer  zone  were  sharply 
defined  by  crystals  cU-sely  crowded  together,  of  almost  an 
equal  size  and  exactly  parallel  to  the  crystal  outline,  running 
out,  for  the  most  part,  into  pyramidal  points,  so  that  a  more 
splendid  illustration  of  inner  crystal  structure  could  bardly  be 
expected  from  any  otiier  chemical  agent.  {See  Plate  II,  Figs. 
19  and  20.) 

Above  the  crystals  there  sometimes  lay  a  mixture  of  short 
needle-shaped  forms  whose  horizontal  projections  toward  each 
other,  showed  for  the  most  part  an  inclination  of  00°  or  100° 
aad  which  I  thought  could  be  considered  the  remaining  edges 
of  the  vanishing  crystals  of  the  upper  layer.  And  these  crys- 
tal-needles appeared  most  clearly  when  the  thin  section  was 
covered  with  Canada  balsam  and  furnished  with  a  cover  glass. ' 
(See  Plate  II,  Fig.  18).  On  the  other  hand  the  crystals  situ- 
ated beneath  (the  subindividual  crystal  molecules)  could  hardly 
be  perceived  through  the  Canada  balsam. 

Upon  the  thin  section  of  the  same  apatite,  crystals  oat  almost 
parallel  to  the  prism  surface  (qd  P)  which  were  boiled  for  a  few 
seconds  in  aqua-regia.  there  appeared  plainly  in  some  places 
rhomboidal  lateral  angles,  showing  for  the  most  part  a  splen- 
did scale  structure,  while  the  rest  of  the  thin  section  showed 
regular  rhombic  figures  or  rhombic  figures  long  drawn  out.  and 
laterally  truncated,  parallel  and  crowded  together  or  closely 
behind  each  other,  (see  Plate  II.  Fig.  17.) 

The  etehings  of  the  apatite  thin  section  boiled  several  min- 
ntes  in  water  in  a  platinum  dish  were  not  injured  but  the  tiny 
crystals  appeared  still  more  beautiful  and  clear;  only  the  tiny 
needles  (probably  edges  remaining  from  the  upper  layer)  were 
B€»rcely  visible. 

1  upon  wbleh  bubbles  of  nlr  were  nutleed  almost  ooDtlDuaUr- 
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Upon  the  natural  surfaceB  of  apatite — probably  on  account  of 
greater  Insolubility^the  abovenamed  etchings  were  not  noticed. 
There  appeared  upon  the  prism  surfaces  sharp  grooves  of  vary- 
ing lengths,  and  three  cornered  and  trapezoidal  forms.  And 
upon  a  few  places  only  were  seen  isolated  rhomboidal  angles 
(the  lateral  angles  of  tiny  pyramids). 
b.    By  action  of  hydrofluosilicic  acid. 

The  etchings  produced  upon  a  thin  section  of  apatite,  cot 
parallel  to  the  basal  plane,  by  action  of  hydrofluosilicic  acid, 
though  only  appearing  plainly  after  the  removal  of  the  qTian- 
tity  of  silicic  fluoride  of  calcium  formed,  (removed  by  boiling 
in  H,  O),  showed  (magnified  to  the  400th  power),  no  material 
difference  from  the  etebings  which  were  described  in  the  pre- 
ceding'paragraph,  as  being  produced  by  chlorine  gas.  Yet  in 
many  places  the  peculiarity  was  to  be  noticed  that  the  sub- 
individual  crystal  fdrms  of  the  principal  basal  surface  with  the 
pyramid,  appeared  composed  of  the  regular  crystal  scales  or  of 
step- like  crystals  built  up  according  to  the  hexagonal  tablet  as 
(OP.  P)  being  always  smaller  above.  Figure  16,  plate  n 
shows  the  silicic  fluoride  of  calcium  and  the  etchings  produced 
upon  the  basal  plane  of  an  apatite  crystal  by  the  action  of  hy- 
drofluosilicic acid. 

9.     Etchings  upon  a  thin  section  of  olivine,  produced 
a.     By  hydrofluosilicic  acid. 

The  etohings  produced  by  the  action  of  hydrofluosilicic  acid 
upon  a  thin  section  of  olivine  from  Kozd-kov  (at  Tumau)  and 
freed  from  the  silicic  fluorides  of  iron  and  magnesia  by  boiling 
^th  water  (when  magnified  to  the  400th  power)  are  very  reg- 
ular crystal  forms,  closely  crowded  together  and  perfectly  par- 
allel to  each  other,  of  the  pyramidal  or  tablet-shaped  habitus, 
which  latter,  if  they  are  not  perfectly  formed  or  not  clearly 
visible,  resemble  rhombic  figures  overlying  each  other  or  cling- 
ing together. 

By  Ihe  individual  crystals  of  pyramidal  forms,  apinacoidora 
dome  may  seem  to  be  combined  in  the  same  zone  with  the  pre- 
dominant rhomboidal  pyramid,  while  on  the  tablet-shaped  crys- 
tals near  the  principal  pinacoid  a  pyramid,  prism  or  dome  may 
appear  not  falling  in  the  same  zone  with  the  pinacoid. 

Magnified  to  the  400th  power  these  snbindividual  crystals 
attain  in  some  olivine  sections  the  size  of  barleycorns;  upon 
other  sections  they  appear  only  like  pinheads  furnished  wiUi 
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two  sharp  and  two  blunt  comers,  and  arranged  reg^iluly  upon 
the  entire  section,  (See  Plate  II,  Figs.  11  and  12,)  upon  irtiich 
the  silicic  fluorides  are  also  shown  near  the  etchings, 
b.  By  the  action  of  chlorine  gas. 
The  etchings  produced  by  chlorine  gas  upon  thin  sectJODS 
of  olivine  from  Koz&kov  are  mostly  short;  not  rectihne&rly 
bounded,  but  usually  perfectly  parallel  grooves,  among  which 
short  pointed  prisms  or  pointed  rhombic  figures  were  fonnd  in 
a  very  few  places. 

3.  Etchings  wpon  thin  sectioTis  of  dichroite  produced  by  action  of 

hydro-Jluoeilicic  add. 
The  etchings  observed  upon  the  thin  sectious  of  dichroite 
(from  Bodenmais  and  from  Orrijaerfvi  in  Finnland)  were  for 
tiie  mcrat  part  short  rectangular  depressions  either  parallel 
througout  or  one  lying  Edmost  at  right  Emgles  to  another,  be- 
tween which  were  found  more  or  less  regularly  laid  grooves 
of  various  lengths.  Only  in  a  few  places  were  the  latter  pre- 
dominant ;  moreover  among  the  regular  some  isolated  depres- 
sions also  appeared  which  showed  much  similarity  to  the 
crystal  forms  of  dichroite  represented  in  Naumann's  Elements  of 
Mineralogy  (1871,  p.  404).  (See  Plate  II,  Pig.  10,  in  which,  for 
the  most  part  irregular  etchings  are  represented  near  the 
silicic  fluorides). 

4.  Etchings  upon    thin  sections  of  cbiastotUe    produced    bv  the 

action  of  hydro-Jluosilicic  add. 

In  the  thin  sections  of  a  chiastolite  crystal  (from  an  unknown 
locality)  which  were  cut  parallel  to  the  basal  planes,  a  charry 
substance  appealed  in  more  or  less  thickly  packed  particles, 
not  only  in  tiie  central  part  (along  the  crystaUographical  axes), 
upon  the  vertical  lateral  edges  and  along  the  diagonal  of  the 
thin  section,  but  also  in  other  parts  of  it  and  inde^  in  feather- 
like  ramifications  which  ran  out  from  the  diagonal  parallel  to 
the  edges  of  the  oblique  crystal  section.  The  chiastolite  sub- 
stance appeared  to  be  somewhat  homogeneous,  without  showing 
anywhere  a  special  micro  structure  except  the  imperfect  cleav- 
age crevices  and  a  few  small  almost  wholly  colorless  spots. 

But  after  treatment  with  hydro-fiuosilicic  acid  the  imperfect- 
cleavage  crevices  appeared  like  broad  spotted  veins  which  were 
traversed  with  very  broad  undulating  fibrous  border  zones,  and 
enclosed  little  irregular  rhomboidal,  colorless  spaces,  so  that 
the  most  important  part  of  the  thin  section  was  marked  by  a 
strong  spotted  or  undnlatingly-fibrous  structure. 
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Upon  several  points  on  the  edge  of  the  thin  section  appeared 
instead  of  the  spots,  promiscuously  arrainged  groups  of  long 
slender  bands  which — just  lilie  the  spots  and  fibers  produced 
from  the  cbiastolite  substance — presented  the  idea  of  a  para- 
morphosis. 

The  colorless,  somewhat  less  distinct  rhomboidal  spaces 
which  may  be  considered  as  the  residue  of  the  unchanged 
chiastolite  substance  were  cut  by  rare  but  quite  perfect  cleav- 
age crevices  which  crossed  almost  at  a  right  angle  (90°  31'  and 
91^)  and  corresponded  almost  exactly  with  the  cleavage  direc- 
tions of  chiastolite  (91°  4').     (See  plate  U,  Fig.  13). 

5.  Etchings  on  thin  sections  or  cleavage  fragments  of  hypersthene, 
brondte,  diallage,  augite,  and  amphibole  produced  tyy  hydrofiuo- 
silicic  acid. 

While  the  sections  of  hypersthene  from  Sky  Island  and 
of  broncite  from  Graubat  in  Steiermark,  treated  with  hydro- 
fiuosilicic  acid,  presented  a  union  of  fragile  parallel  fibres  or 
very  slender  bands  ( see  Plate  n,  Fig.  d,  broncite  from  Graubat 
treated  with  H,  Si  F,)  the  thin  sections  of  diallage  from  the 
.  gabbro  from  Wolpersdorf  showed  usually  two  systems  (cutting 
each  other  at  a  sharp  angle)  of  less  close  but  sharply  recti- 
Itaear  cleavage  crevices  between  which  groove-like  etchings, 
much  twisted  and  intertwined,  appeared  closely  crowded 
together  (see  Plate  n.  Fig.  8).  And  these  thin  sections  of 
diallage  enclosed  little  broncite  particles  whose  microstructure 
seemed  uniform  with  that  of  broncite  from  Graubat. 

(JpOD  the  thin  sections  of  angite'  and  amphibole*  which  were 
cut  parallel  to  the  pinacoid  face,  only  grooves  of  various 
lengths  were  noticed,  which  followed  almost  uniformly  a  fixed 
direction. 

6.  Etchings  on  Lithia-irtm-mica  from  Zinrnvald,  produced  by  the 
action  of  hydrofluoric  gas  and  subsequent  boiling  with  water. 
After  treatment  with  hydrofluoric  gas  and  water,  there  ap- 
peared upon  the  pale  yellow  or  reddish  white  scale  of  this  mica 
irregularly  distributed,  rusty-yellow  flakes  which  often  showed 
rhomboidal  or  six-sided  incoherent  outlines.  And  upon  many 
places  free  from  the  rusty  yellow  flakes  appeared  very  slender, 
more  or  less  thickly  congregated  (depressed),  rhombic  figures, 
which  were  arranged  for  the  most  part  parallel  to  the  rhombic 
edges.     (See  Platen,  Pig.  14). 
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I  hare  measured  muiy  of  the  acute  and  obtuse  uigles  of  these 
rhombic  figores,  bat  obtained  very  different  results;  for  tlie 
acute  angles  49°  30',  50°.  56°  30',  59°  uid  60°,  and  for  the  ob- 
tuse. 130°  80'  to  120°. 

7.     Etchings  upon  thin  aections  of  acapoUte  from  MaU^a  in  Werm- 

land. 

Upon  the  thin  sections  of  scapolite  taken  nearly  parallel  to 
the  main  axis  and  treated  with  hydrofluosilicic  acid,  the  etch- 
ings which  were  observed  between  the  strongly  appearing 
grooves  parallel  to  the  main  axis,  resembled  long,  much  dis- 
torted and  overlapping  grooves  which  were  at  times  united  into 
a  snake-like  net- work.  Chlorine  gas,  likewise,  produced  very 
irregular,  jaggedly  roundish  and  longish  depressions  and 
caused  cleavage  grooves  paraUel  to  the  main  axis  to  appear 
strongly. 

*.  Etchings  upon  thin  gections  of  elaeolite  from  Laurwig  in  Nor- 
way,  produced  by  chlorine  gas  {magnified  to  the  ^OOth  power. ) 
After  removing  the  mass  of  separated  gelatinoos  silica  and 
the  crystals  of  sodiiun  chloride  imbedded  in  it,  (nsoally  these 
are  octahedrons, )  there  appeared  upon  the  thin  sections  of 
elaeolite  a  parallel  rectilinear  grooving,  besides  the  rare  but 
broad  rectangular  cleavage  crevices.  And  in  ihe  band-shaped 
spaces  between  the  grooves  appeared  long  rectangolar  depres- 
sions and  protul>erances,  sometimes  pointed  at  one  end  or 
many-sided,  and  more  or  less  regularly  prism-shaped  and  par- 
allel to  the  grooves.  Among  these  in  some  few  places,  tol- 
erably regular  hexagonal  prisms  were  observed.  Upon  one  of 
these  prisms  a  secondary  pyramid  appeared  on  one  of  the  basal 
planes.     (See  plate  H,  Fig.  15). 

9.  Etchings  on  a  thin  section  of  Leucite  from  Vesuvius. 
(Observed  when  magnified  to  the  400th  power.) 

Upon  the  leucite  there  appeared,  after  treatment  with  chlo- 
rine gas,  very  tiny  and  closely  crowded, 'round  or  polygonal 
depressions,  and  after  treatment  with  hydrofluo-silicic  acid  a 
very  close,  delicate  polygonal  network  (See  Plate  U,  Fig.  2). 

10.  Etchings  on  thin  sections  or  cleavage  fragments  of  feldspar. 
( Magnified  to  the  400th  power. ) 

After  treatment  with  hydrofluoric  gas  and  then  with  boiling 
water,  the  most  perfect  cleavage  planes  of  sanidine  from  the 
phonolite  of  Tannberg  (at  Tollstein,  formerly  Kingdom  of 
Bumburg)  showed  either  long,  polygonal,  sometimes  six-sided 
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depressioDs  (of  the  ordinary  ontline  of  the  clinopinacoid  face) 
or  groove-like,  very  slender  and  close,  parallel  depressions. 
Those  of  adularia  trom  St.  Gotthard,  and  of  ryacolite  from 
Vesuvias,  showed  for  the  most  part  groups  of  parallel,  pointed 
(tower-like)  and  wedge-shaped  depresslona.  or  more  rarely 
rows  of  short  prisms  and  cones,  projecting  sharply  out  of  the 
etched  surfaces. 

After  a  similar  treatment  of  microcline  from  Miask  (amazo- 
Dite)  the  characteristic  microstructnre  appeared  upon  some  of 
the  cleavage  planes  (which  were  probably  parallel  to  the  hasal 
plane)  in  the  most  beautiful  manner,  since  the  various  Internal 
and  structual  bands  or  parts  were  changed  in  varions  ways. 
But  the  microstmcture  of  microoline  appeared  especially  bean- 
tifnl  npon  some  cleavage  planes  of  white  striated  feldspar 
(mentioned  on  page  — )  of  the  Bohemian  museum  which  was 
labelled  "Orthoclase  from  KarlBbad."  Upon  other  cleavage 
planes  of  the  same  microcline  (which  were  probably  parallel  to 
the  klinopinacoid  faces)  there  appeared  closely  crowded 
together  and  parallel,  long,  slender,  spindle-like,  cylindrical 
depressions,  which  by  a  gradual  lesseniog  of  length  were 
changed  into  scaly  etchings  arranged  like  tales. 

Upon  the  most  perfect  cleavage  planes  of  albite  from  Dan- 
phinS,  there  appeared,  after  the  above  mentioned  treatment 
with  hydro  flnoric  gaa  and  water,  groups  of  slender,  parallel 
spindle-shaped  depressions  crowded  closely  together,  or  of 
sharp  edged  subindividual  crystal  prisms  or  little  tablets;,  ■ 
while  the  etchings  upon  the  cleavage  planes  of  oligoclase  from 
Ytierby  were  jagged,  rhomboidal  depressions  and  on  the 
cleavage  planes  of  anorthite  from  Vesuvius  ware  polygonal, 
facet-like,  roundish  or  net-shaped  depressions. 

Through  the  action  of  hydro- finosilicio  acid  the  trellis-like 
surfaces  of  the  thin  sections  of  amazonite  were  mostly  etcheH 
in  the  form  of  delicate  net-like  depressions;  upon  the  most 
perfect  cleavage  planes  of  albite  from  Dauphin^  appeared  pe- 
cnliar  sharp-edged,  wedge-.shaped  etchings  which  were  in- 
oJined  to  the  plane  of  cleavage  at  a  very  sharp  angle  and 
were  often  distinguished  by  a  regnlar  arrangement  in  parallel 
rows,  (see  Plate  II,  Fig.  1,);  and  upon  the  oligoclise  feldspar 
a)>peared  either  in  slender  grooves  of  diverse  forms  and  vari- 
ously placed,  or  lenticular,  half  moon-shaped,  oval  and  quite 
rectangular  depresxions.  The  groove-like  depressions  were- 
'  the  more  rare  the  less  soda  the  feldspar  contained.      Upon  the 
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thin  sections  of  anorthite  of  corsite  (from  Corsica)  only  foor- 
sided  or  roundish  (almost  rectangular)  depressions  of  various 
lengths  were  to  be  noticed. 

In  conclusion  I  believe  the  remark  would  be  appropriate, 
that  the  structural  relations  of  single  or  twin  silicate  crystals 
as  well  as  of  many  crystal  groups  and  crystalline  forms  in 
thin  sections,  when  treated  for  this  purpose  with  hydrofluoric 
gas  or  hydrofiuosilicic  acid  and  water,  are  brought  ont  in 
more  clear  significance  and  are  more  beautiful,  since  they  pre- 
sent themselves  unmodified. 

V.  Remarks  upon  the  Application  of  some  Older  Meth- 
ods FOR  the  Determination  of  Minerals  in  thin  Sec- 
tions. 
1.  Upon  the  use  of  the  red  heat  test  for  the  separation  of  mineroln 
containing  iron  (and  •manganese)  from  those  free  from  iron  (and 
manganese) ,  for  the  proof  of  dichrolsm  in  the  former  if  they  offer 
colorless  sections,  aTtd  for  the  approximate  determination  of  the 
melting  point  of  minerals  in  thin  sections. 

With  a  few  exceptions  all  the  minerals  constitnting  the  crys- 
talline rocks  may  be  divided  into  two  groups,  those  which  are 
free  from  iron  (and  manganese )  and  those  which  contain  iron 
(and  manganese). 

In  the  first  group  belong  chiefly  the  feldspathic  minerals  and 
the  tight  varieties  of  mica,  as  well  as  woUastonite,  apatite,  cal- 
'  cite,  dolobiite  and  some  pure  clay  silicates  (chiastolite,  andalu- 
site,  disthene,  etc). 

In  the  second  group  belong  prominently  minerals  of  the  am- 
phibole,  augite  and  broncite  series;  also  biotite  (robellan)  chlo- 
rite, olivine,  garnet,  spinel,  magnetite,  chromite  and  titanic 
iron.  And  upon  the  borders  of  both  groups  might  be  placed 
mejonite  (scapoLite),  cordierite  and  titanite,  which  minerals 
sometimes  contain  much,  sometimes  very  little  iron. 

Wlien  the  minerals  of  the  flrst  group  appear  in  thin  sections 
they  present  themselves  in  colorless,  or,  if  they  are  impreg- 
nated with  a  pigment,  in  colored  secdons.  The  colorless  min- 
eral sections  remain  colorless  even  after  the  strongest  heating 
or  become  white  and  slightly  pellucid,  while  those  colored  by 
a  pigment  usually  also  appear  colored  after  heating.  But  this 
coloring  does  not  seem  to  be  of  a  homogeneous  character, 
is  not  usually  evenly  spread  over  the  mineral  sectiOD,  but  is 
commonly  distributed  in  spots  or  intervals. 
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Minerals  of  the  second  group,  when  ia  thin  sections,  usually 
offer  homogeneously  colored  sections,  sometimes  varioiisly 
shaded  in  the  crystal  scales,  but  among  these  minerals  appear 
also  others,  such  that,  colorless  or  only  faintly  colored,  (many 
oliTinda,dichroites.  epidotes,  augites,  diallages,  enstatites),  they 
might  he  mistaken  for  minerals  of  the  first  group.  But  since 
all  mLnerals  of  this  group  contain  more  or  less  iron  (or  man- 
ganese), their  thin  sections  can.  through  strong  heat  with  the 
oxydation  flame,  be  given  a  yellowish,  reddish  or  brownish 
homogeneous  coloring  by  which  they  can  readily  be  distin- 
guished from  minerals  of  the  first  group. 

The  kind  and  intensity  of  color  which  comes  by  heating  (of 
proper  strength  and  continuance)  upon  the  thin  sections  of 
minerals  of  the  same  species,  but  from  different  localities, 
sometimes  determines  with  BufQcient  accuracy  the  relative 
quantity  of  iron  (or  manganese). 

With  the  appearance  of  a  homogeneous  intense  color  the  tkin 
sections  of  many  minerals  of  the  second  group  acquire  the  peouli- 
aritv  of  showing  a  more  or  less  strong  dichroism  and  absorption  of 
tight.  Which  characteristic,  before  heating  the  minerals  (so 
long  as  they  were  colorless  or  only  faintly  colored),  could  not 
be  noticed  at  all,  or  only  in  a  far  less  degree. 

This  process  can  be  performed  in  the  following  way:  Upon  a 
small  strip  of  platinum,  slipped  into  the  slit  of  a  wooden 
handle,  lay  the  thin  section  specimen  of  the  size  of  1^-3  a  ™  and 
subject  it,  by  means  of  the  blow-pipe,  to  the  oxidyzing  flame 
for  from  1}  to  S  minutes,  so  that  for  this  length  of  time  the 
specimen  may  be  at  a  red  heat;  yet  it  is  advisable  to  interrupt 
the  heating  after  H  minutes  and  to  investigate  the  specimen 
microscopically,  and,  in  case  it  is  colored,  it  should  be  put 
to  the  dichroscopic  test;  because  by  a  longer  continuance  of 
heat  many  minerals  are  either  colored  so  dark  (gray  or  grayish- 
brown)  that  they  lose  in  great  measure  their  transparency  and 
are  no  more  fit  for  dichroscopic  study,  or  they  are  entirely 
melted. 

If  the  length  of  heating,  which  thin  section  fragments  of 
equal  size  and  under  the  above  mentioned  conditions  require 
for  fusion,  has  been  determined  for  certain  minerals,  as  steps 
in  a  scale  of  fusibility,  then  the  melting-point  of  every  other 
mineral  in  thin  sections  can  be  determined  approximately  by 
comparison  with  these;  but  one  must  observe  that  the  contact 
of  a  mineral  difficult  of  fusion  with  one  easily  fusible,  demands 
heating  In  the  high  degree  of  the  former  mineral,  and  especi- 
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ally  shonld  this  be  observed  in  such  minerals  as  usually  hold 
an  easily  fused  glass  cement  in  rich  masses. 

I  have  made  expertment8  upon  the  following  mineral  sections  in 
regard  to  the  change  of  color  produced  by  heating  and  to  the 
possible  observation  of  dichroism,  and  in  regard  to  their 
fusibility. 

{a.)  Upon  the  colorless  olivine  sections  of  nephetine pikrite 
from  Devin  at  Wartenberg,  which,  after  about  two  minutes  of 
heating,  received  a  homogeneous  dark-yellow  color,  and  then 
showed  as  strong  dichroism  as  the  yellowish-brown  amphibole 
sections  of  many  basalts. 

(ft. )  Upon  the  nearly  colorless,  very  pale- yellow, olivine  sec- 
iaons  from  Kozgkov  at  Turnau.  These  became  by  heating,  in 
reflected  light,  grayish-yellow,  in  places  grayish-brown,  in 
transmitted  light  grayish  yellow  or-grayish-brown  (in  places 
darker),  and  less  transparent  Dichroism  (dark  grayish-yel- 
low or  grayish  brown  and  light  grayish- white  with  a  stre^  of 
blae),  and  light  absorption  were  distinctly  observed. 

(c. )  Upon  pale  bluish-whitealmostcolorless  sections  of  blue 
dichroite  from  Orrijaerfvi  in  Finnland.  These  by  strong  heat- 
ing acquired  only  a  pale  yellowish  color,  but,  while  before 
heating  only  a  slight  dichroism  could  be  noticed,  it  appeared 
quite  strong  after  the  beating,  when  the  changes  of  greenish- 
yellow,  siskin-green  and  violet-blue  were  very  beautiful. 

{d. )  Upon  pale-bluish  sections  of  blue  dichroite  from  Bo- 
denmus  in  Bavaria.  These  became,  through  heating,  dark 
grayish-blue  in  reflected  light,  and  in  transmitted  light  dark 
grayish-brownish-violet  and  slightly  pellucid,  in  some  places 
opaque.  Dichrnism  showed  itself  quite  strongly  thus:  gray- 
ish-greeaish-yellow  and  pale  smalt-blue.  Moreover,  it  was 
observed  that  a  perfect  cleavage  appeared. 

(e.)  Upon  the  almost  colorless  sections  of  scapolite  from 
MalsjB  in  Wermland,  which  became  through  heating  an  ashy- 
gray  in  reflected  light,  with  a  streak  of  violet,  in  transmitted 
light  grayish-blue,  iii  some  places  a  brownish  changing  streak, 
and  were  scarcely  translucent.  Dichroism  was  scarcely  no- 
ticeable either  before  or  after  heating. 

(/. )  Upon  the  grayish-white  almost  colorless  sections  of 
grayish  green  epidote  from  Schwartzenstein  in  Zillerthal 
(Tirol).  These,  after  some  1^  minutes  of  heating  became 
grayish-yellow,  but  yet  remaining  literally  transparent,  showed 
astrong  dichroism  (change  of  color;  pale  bluish-green,  emerald- 
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green  and  pale  violet-brown),  which  wob  less  distinctly  observed 
before  heating. 

After  2^  minutes  of  heating  the  epidote  thin  sections  became 
grayish-f  ellowish-browQ  very  slightly  pellucid,  and  after  soma 
3  minutes  of  heating  tbey  became  dark  grayish-brown,  opaque 
and  with  a  curved  distortion  due  to  crumpling. 

(g.)  Upon  thin  sections  of  (black)  augite  from  Wartha  on 
the  Elger  (cut  parallel  to  the  pinacoid),  colored  brownish  gray 
with  a  streak  of  violet.  After  two  minutes  of  heating  the 
brownish  shade  on  these  appeared  stronger  and  a  quite  distinct 
dichrolsm  (greenish-yellow  and  violet-gray),  and  clear  dis- 
tinctions in  the  absorption  of  light  were  noticed.  These, 
though  in  a  less  degree,  could  be  noticed  before  heating. 

(ft.)  Upon  the  almost  colorless  very  pale-yellow  sections  of 
bronsite  from  Oraathal,  which  by  heating  became  bright  yel- 
low, in  the  crevices  a  pale  yellowish-brown,  and  presented  a 
very  distinct  dichroism  (grayish  white  and  light  brownish- 
greenish-yellow),  especially  upon  the  darker  places. 

The  thin  sections  of  micaceous  rock  from  Libschitz  which 
consist  of  biotite,  amphibole,  a  tetragonal  mejonite  mineral, 
magnetite,  apatite,  and  in  some  places  rich  brown  glass-cement, 
were,  after  some  three  minutes  of  intense  heating,  changed  into 
greenish  glass,  full  of  bubbles  and  containing  colorless  roundish 
bodies  thickly  crowded  together,  in  which  only  biotite  and  am- 
phibole could  be  distinctly  recognized. 

2.  Upon  the  use  of  cobalt- solution  for  identification  of  alumiTia  and 
magnesia  in  sectUms  of  minerals  free  from  iron  {or  manganese). 
The  known  reaction  upon  alumina  and  magnesia  by  heating 
the  specimen  treated  with  cobalt-solution  upon  coal  can  be  ap- 
plied to  the  investigation  of  the  thin  sections  of  colorless  min- 
erals free  from  iron;  yet  it  must  be  noticed:  (a)  that  the  thin 
section  specimens  must  be  moistened  many  times  with  cobalt- 
Bolation  and  always  very  strongly  heated  if  even  a  par^lly 
successful  result  is  to  be  obtained,  and  (&)  that  thin  sections 
having  become  dark  or  opaque  by  heating  with  cobalt-solu- 
tion, can  be  made  again  transparent  by  being  boiled  with  wa- 
ter or  with  a  very  dilute  nitric  acid. 

The  blue  color  given  to  aluminous  minerals  by  heating  with 
cobalt-solution  appears  stronger  in  reflected  light  than  in  trans- 
mitted light,  because  the  action  of  the  reagent  mentioned  usually 
reaches  to  every  part  of  the  surface  of  the  thin  section  of  the 
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mineral.  And  the  rougher  the  surface  is  so  much  the  more  dis- 
tinct is  the  desired  effect.  It  seems  advisable  to  expose  the 
mineral  thin  section,  before  heating  with  cobalt  solution,  to  the 
action  of  fluohydric  gas  or  of  chlorine  gas  according  to  the  in- 
solubility of  t<he  mineral  in  acids. 

I  have  only  made  these  experiments  upon  the  thin  sectionfi 
of  two  minerals:  quartz-andesit%  from  Sebesvarallya  inHnnga- 
ry>,  which,  heated  with  cobalt- solution  and  boiled  in  water, 
caused  the  bluish  andesine  section  to  be  clearly  recognized;  and 
amazonite  from  Miask  which  was  previously  treated  with  fluo- 
hydric gas  and  water.  The  latter  thin  section  heated  with 
cobalt- solution  and  boiled  in  dilute  nitric  acid,  appeared  in 
many  places  bluishly  transparent,  yet  the  blue  color  was  atoce 
strongly  noticed  in  reflected  light. 


VI.     ANALYTICAL  GUIDE 

FOR  DETERMINATION  OF  MINERALS^  APPEARING   IN   CRYSTAL- 
LINE ROCKS,  BY  THE  NEW  CHBM  ICO -MICROSCOPIC  METHOD. 

1.  Tbe  specimen  la  a  broken  fM^ment,  cleavaire  lamliia  or 
tUn  polished  BectloD  of  a  bomoffeneoos  mineral. 

If  the  specimen,  is  a  broken  fragment  or  a  cleavage  tontina  of 
a  homogeneous  mineral,  take  a  piece  the  size  of  a  barleycorn, 
crumble  it  into  many  little  particles,  lay  these  in  the  midst  of  a 
balsam  layer  spread  upon  an  object-glass  and  made  resinous 
by  heating,  cover  the  particles  with  a  drop  of  3  per  cent,  strong 
hydrofluosilicic  acid  of  the  size  of  a  pea,  observe  whether  a 
bubbling*  occurs  or  not,  and  leave  the  object-^lass,  for  the  spe- 
cimen to  dry,  in  a  place  perfectly  protected  from  dust  (In 
not  too  moist  air  the  drying  will  require  from  six  to  twelve 
hours).  Then  subject  the  entire  dried  portion  of  the  object 
and  the  upper  surface  of  the  somewhat  smooth  cleavage  frag- 
ment to  close  microscopic  examination  magnified  from  200  to 
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It  is  to  be  noted  that  a  satisfactory  result  can  be  obttuned 
with  the  smallest  grain  of  the  specimen,  although  the  drop  of 
hydrofluosilicic  acid  must  be  correspondingly  lessened  in  size 

1  Received  by  klndQess  of  Prot.  O.  Von  Bath. 

i  Blaoe  notalitbe  mlnemlB  appflArlngtacryatBlUna  mixed  rooks  offered  sattotBOtarr 
Te*ulU  in  these  experlmenU  tbis  analytical  guide  Is  uselul  ooly  (or  Buoh  mlneralE  as 
have  been  actually  Inveaditated  In  tbelr  Individual  ohuraoterlstloa.  or  whliA  allowed 
tbelrchaTacterlatloreacllDnatobedevdlnped  wltli  the  greatest  probatillltr,  Booordlnl 
to  their  nnture  and  the  laws  Involved. 

SDevelopmentDf  a  colorless,  odorless  gas. 
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If  t/w,  apedmen  is  a  thin  poliehed  fragment  which  measures 
about  2-4  a '°™,  then  heat  the  object-glass  gradually  and  press 
the  specimen  carefully  upon  it  with  the  point  of  a  penknife,  so 
that  it  wilt  cling  firmly  and  no  little  bubbles  remain  between  it 
and  the  object-glass,  and  then  continue  exactly  as  indicated  in 
the  foregoing. 

The  remark  may  be  permitted  here  that  the  smallest  homo- 
geneous portion  of  a  thin  section  of  a  mineral  treated  with 
hydrofiuosilicic  acid  must  give  3>erfectly  reliable  results. 

NoTE.^77ie  mineraUi  named  below  marked  with  an  asterisk  have 
already  been  investigated  with  hydrofluosilicic  acid. 

A)  The  specimen  is  in  the  form  of  the  finest  splint'ers  or  the 
thinnest  (more  or  less)  transparent  cut  section. 
On  treating  the  specimen  with  hydroJtuosUioic  acid 
A'  A  continuous  bubbling  is  noticed. 
The  silicic  fluorides  formed 
a  belong  almost  exclusively  to  calcium  (Plate  I,   Fig.  6.) 
The  cleavage  crevices  of  the  specimen  show 

a  a  rhombohedral  mineral *CaIcite. 

b  a  rhomboidal  mineral Aragonlte. 

b  belongalmostezclusively  tomagnesium(PlateI,IiHg.  12.) 
(The  cleavage  crevices  of  the  specimen  show  a  rhomb- 
ohedral mineral) *Magnesite. 

c  belong  in  great  part  to  calcium  as  well  as  magnesium. 
The  cleavage  fissures  of  the  specimen  show  a  rhomb- 
ohedral mineral •Dolomite. 

B'  No  bubbling  is  noticed. 

The  silicic  fluorides  formed 
d  belong  for  the  most  part  to  lithium,  in  a  small  degree  to 
potassium  or  even  to  sodium. 

Scaly,  colorless  or  light  colored  (from  Roznau,  peach- 
red)  particles  ;  for  the  most  part  ttiick,  parallel  grooved 

sections *Lithia  mica. 

e  belong  for  the  most  part  to  lithium  and  ironi  (Plate  II, 
Fig.  5,  left  aide),  in  a  small  degree,  sometimes  to  po- 
tassium. 

Scaly,  light-colored  particles  and  little  leaves,  for  the 
most  part  thick,  parallel-grooved  sections.  *Llthla-iron 

mica. 

/  belong  for  the  most  part  to  potassium  (Pl&te  I,  Figs.  1 

and  2),   often  in  a  lesser  degree  to  sodium  (Plate  I, 

ITheltou  fluoride  crjabili  are  colored  dark  yellow  b;  the  action  ot  oblorloe  sk*. 

M.aeo  0,  GoO<^le 
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Fig.  4),  and  sometimes  a  small  amount  to  calcium  also. 
a  The  mineral  specimen  consists  of  pliant  leaves  or  scales; 
most  of  the  cut-sections  show  a  thick,  parallel,  recti- 
llndar  or  undulating  grooving;  the  silicic  fluoride  crys- 
tals formed  are  small  and  sparingly  distribated  ( Plate 

II,   Fig.  5,  right  side 'Potash  mica. 

b  The  mineral  specimen  is  of  very  perfect  cleavage  ;  most 
of  the  cut-sections  are  distingoished  by  a  crosa-banded 
or  trellie  structure;  the  silicic  fluoride  crystals  are 
larger  and  heaped  up  in  quite  large  numbers  along 
the  trellis-like  grooves. 

Near  the  silicic  fluoride  of  potassium  appear  some 
silicic  fluoride  crystals  of  sodium  (Plate  I,  Fig.  16) 
•Microline. 
g:.The  mineral  specimen  is  of  very  perfect  cleavage ; 
most  of  the  longish-baoded  sections  show  no  groov- 
ing, if  they  are  quite  homogeneous,  but  are  some- 
times composed  of  two  long  halves  which  in  polar- 
ized light  show  different  colors.  The  cut-sections, 
furnished  with  enclosures  of  grooved  bands,  offer, 
near  the  silicic  fluoride  of  potassium,  more  or  less 
silicic  fluoride  of  sodium,  at  times  also  a  little  silicic 

fluoride  of  calcium "Orthoclase. 

d  Fragments  perfectly  cleavable,  or  cut  sections  of 
glassy  appearance  and  flssured  structure.  A  good 
deal  of  silicic  fluoride  of  sodium  is  almost  always  found 

near  the  silicic  fluoride  of  potassium 'Sanidine. 

e  The  mineral  fragments  show  no  perfect  cleavage ;  the 
roundish  (polygonal)  cut  sections  are  always  clear 
or  distinguished  by    beautiful  enclosures  arranged 
in  the  forms  of  wreaths  {Plate  II,  Fig.  2)   .*Lieucite. 
g  belong  almost  exclusively  to  sodium. 
Treated  with  chlorine  gas,  the  mineral 
a  is  not  affected. 

Perfectly  cleavable  fragments,  whose  surfaces  often 
show  etchings  after  treatment  with  hydrofluoric  acid 
(Plate  II,  Pig.  ll;  usually  the  cut-sections  have  par 
allel  rectilinear  grooves,  and  in  polarized  light  give 

variegated  lamellar  colors ♦Albite  (pericline). 

b  the  mineral  is  strongly  affected,  and  separates  gela- 
tinous silica  which  can  be   recognized   easily    by 
means  of  fnchsin  solution, 
aa  Grtuiular;  quadratic,  rectangular,  hexagonal,   and 
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trigonal  cut-sections  usually  distinguUhed  by  a 
peculiar  micro-slructure,  which  (according  to 
Knopp)  become  blue  by  the  action  of  sulphuret- 
ted hydrogen. Some  nosean,   some  sodalite. 

(From  nosean  and  sodalite  may  be  recognised 
easily  uialcime.) 
bb  Fragments  of  short  hexagonal  prisms,. rectangular 
and  hexagonal  sections  often  characterized  by 
coDCOrdastly  arranged  outlinea  of  microlite  en- 
closures, which  (according  toKnoppi  become  blue 

by  sulphur  vapor Some  *nepheline  ( elceolite). 

Out-sections  rectangularly  cleaved,  parallel  barred 
or  fibrous  (Plate U,  Fig.  8),  which  after  treatment 
with  chlorine  gas  show  peculiar  etchings  (Plate 

U,  Fig.  15) •Easoolite 

A  belong  for  the  greatest  part  to  Rodinm,  in  a  small  degree 
to  potassium. 
Physical  properties  of  the  fragments  and  sectione  the 

same  as  under  g,  b,  bb *Nepheline  (elseolite). 

i  belong  for  the  greatest  part  to  sodium  ;  but  near  these 
appear,  sporadically,  united  silicic  fluoride  crystals  of 
calcium. 

The  silica  separated  by  chlorine  gas  in 
a  gelatinous.     The  specimen  is  strongly  affected. 

Physical  properties  same  as  under  g,  b,  aa.  Nosean, 
sodalite. 
b  not  ^latinous.  The  specimen  is  very  slightly  affected. 
Fragments  with  perfect  cleavage,  sometimes  with 
close  and  delicate  parallel  grooving.  The  majority  of 
them  in  cut-sections  banded,  usually  with  parallel 
grooves,  and  showing  parti-colored  lamellar  structure 

in  polarized  light  (Plate  I,  Fig,  17.) *01igoolase. 

k  belong  for  the  most  part  to  sodium,  in  smaller  degree 
to  calcium,  but  not  materially  different 
The  silica  separated  by  chlorine  gas 
a  is  not  gelatinous. 

Fragments  colorless  or  light  colored,  with  perfect 
cleavage,  sometimes  with  close  and  delicate  parallel 
grooving.  The  greater  part  banded  and  in  thin  sec- 
tions showing  in  polarized  light  variegated  bands  of 

color *Andesine- 

b  is  gelatinous.     The  specimen  is  strongly  affected. 

Mostly  blue  grains ;  quadratic,  rectangular,  hezag- 
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onal  and  trigonal,  cut  sections  usually  distinguished 
by  a  blackish-blue  or  reddish,  close  trellis- work. 

Haayne. 

I  belong  to  calcium   and  sodium,  in  all  probability  of 

almost  equal  parts,  but  the  greater  part  to  calcium  and 

the  lesser,  though  not  essentially  different,  to  sodium. 

The  silica  separated  by  chlorine  gas  Is 

a  not  gelatinous. 

Fragments  colorless  or  light-colored,  and  with  per- 
fect cleavage,  often  with  delicate  and  close  parallel 
groovingB;thecut-sec1aons  for  the  most  part 'striated 
with  parallel,  delicate,  close  grooves,  anS  in  polarised 
light   dist^ylng   parti-colored  lamellar  steuctore. 

(Plate  I,  Fig.  19) •Labradorite. 

b  gelatinous. 

Physical  properties  same  as  under  k,  b. .  Somehauyne. 
m  belong  for  the  most  part  to  calcium,  in  a  much  smaller 
degree  to  sodium,   sometimes  also  a  small  quantity 
to  magnesium  and  iron. 
The  silica  separated  by  chlorine  gas  is 
a  not  gelatinous.     The  specimen  is  strongly  affected. 
Fragments  colorless  or  light  colored,  with  perfect 
cleavage ;  for    the  most  part  the  cut-sections  are 
banded  with  parallel  grooving,  and  show  in  polar- 
ized light  a  parti-colored  lamellar  structure.  (Plate 

I,  Pig.  20) Some  •anorthite. 

b  gelatinous.    The  specimen  is  strongly  affocted. 

Most  of  the  tetragonal  and  rectangular  cut-sections 
are  colorless,  yellowish  or  brownish ;  the  colorless 
ones  are  colored  yellow  by  red  heat,  at  least  around 

the  edges  and  in  the  crevices 'Melilite. 

n  belong  almost  exclusively  to  calcium  (in  a  much  smaller 
quantity  to  sodium,  magnesium,  iron  and  manganese. ) 
By  action  of  chlorine  gas  the  specimen 
a  is  very  slightly  affected, 
aa  Blackish,  sharp-angled  grains,  mostly  with  a  gray- 
ish-white translucency  and  a  sub-metallic  lustre, 
which  give  a  titanium  reaction  or  cut-sections  of 
tesseral  crystals  of  a  grayish- white  (yellowish  or 

brownish)  color  and  dark  angles Perofskite. 

bb  Reddish,  brownish,  blackish  brown-to-black  grains 
which  give  no  titanium  reaction  ;  reddish  or  brown- 
ishcut-sections  of  tesseral  crystals.. Some  garnets. 
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b  'Qaite  strongly  aftected,  yet  without  the  separation  of 
gelatinous  silica. 
aa  Tetragonal  prisms  or  columnar  particles  ;  cut  sec- 
tions grayish-white  ;    rectangular  and  tetragonal, 
and  parallel-barred  or  fibrous,  showing  charac- 
teristic etchings  after  treatment  with  chlorine  gas. 

(Plate  II,  Pig.  4) •ScapoUte. 

bb  Hexagonal  prisms ;  cat-sections  rectangular  and 
hexagonal,  colorless  or  furnished  with  rows  of 
powder-grains,  which  after  treatment  with  chlo- 
ine  gas,  or  with  hydrofluosilicic  acid,  show  char- 
acteristic subindivldual  crystals  (etchings).  (Plate 

II,  Figs.   16-20) 'Apatite. 

gg  Yellowish,  greenish  or  brownish,  short  monoclinic 
taUets  or  prisms  which  give  the  titanium  leactwn ; 
cut-sections  pale  yellowish,  greenish  or  brownish- 
gray  (usually  spindle-shaped)  of  monoclinic  forms 
•Titwiite. 
dd  Colorless  or  light  colored  fragments  with  perfect 
cleavage,  often  with  parallel  grooves  ;  cut-sections 
for  tiie  most  part  with  parallel  rectilinear  groov- 
ings,  and  showing  in  polarized  light  a  variegated 

lamellar  structure Some  'anorthite. 

g  Quite  strongly    atFected  and    with  the  separation  of 
gelatiTums  silica, 
aa  Tetragonal  prisms  or  columnar  fragments ;  grayish- 
white  or  pale  yellowish  or  greenish  tetragonal  and 
rectangular  cut-sections  or  parallel-striped  or  fib- 
rous particles *Mejonite. 

Here  also  might  belong  some Melilite. 

bb  Fragments  of  colorless  or  white  monoclinic  crystals 
or  bar- like  to  fibrous  aggregates.. 'Wallastonite. 
o  belong  almost  exclusively  to  magnesium  (the  silicic  fiuor- 
ides  are  not  colored  by  chlorine  gas.  or  are  only  colored 
slightly  an  orange  yellow). 
a  Grains,  with  little  evident  cleavage,  very  hard ;  cut- 
sections  mostiy  rectangular  or  irregular,  roundish, 
which  after  red  heat  show  a  marked  dichroism  (Plate 

II,  Fig.  10) •Dichroite. 

b  Pliant,  very  soft  and  flexible  leaves,  scales  or  groups 
of  scales,  white  or  pale  colored ;  cut-sections  mostly 

striped.. *Talk. 

g  Grains  with  perfect  cleavage,  hard,  pale-greenish  or 
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yellow ;  cut-BecHons  with  parallel  rectilinear  groov- 
ing  Some  enstatite. 

p  belong  to  magnesia,  iron  and  potassium. 

Short,  dark-colored  prisms  with  evident  cleavage  on 
the  basal  planes  and  hexagonal  leaves  (Plate  ILFig.  6). 
Some  'biotite. 
0  belong  to  magnesium  and  iron,  sometimes  also  in  a 
slight  degree  to  calcium  (the  sUioic  fluoride  crystals 
belonging  to  iron  are  colored  orange  yellow  by  chlo- 
rine gas  and  are  blackened  by  sulphide  of  ammonium 
gas. 

The  silica  separated  by  chlorine  gas  is 
•  gelatinous. 

Gut-sectioos  colorless,  yellowish,  greenish,  brownish, 
showing  dichroism  after  red  heat,  clear  or  marked 
with  non-rectilinear  cleavage  crevices.  These  sec- 
tioiis  after  treatment  witii  hydroflaosilicic  acid  show 
often    subindividual  crystals  (etchings^   (Plate  II, 

Pigs.  11  and  12) •OUvine. 

b  not  gelatinous ;  sometimes  the  specimen  is  not  at  all 

affected. 

aa  Sard  grains,  which  present  no,  or  <mly  an  imperfect 

cleavage ;  cut-sections  show  tea»eral  crystals  upon 

which  an  imperfect  cleavage,  or  none  at  all,  is  to 

be  observed. 

A  Grains  blood-red  or  dark  brown  ;  cut-sections  dark 

red  and  brownish *Pyrope  and  some  garnets. 

AA  Grains  dark  green,  blacktsh-brown  and  blackish; 

cut  sections  greenish,  grayish  or  brownish 

'Pleonast  (picotite). 
bb  G-reenish  hexagonal  tablets,  of  very  perfect  cieavage, 
soft,  pliant  scales,  or  leafy  or  scaly  grooves  ;  cut- 
sections    greenish    with    parallel    groovings    or 

stripes,  or  delicate  scaly  spangles ^Chlorite. 

gg  Grains  with  rather  perfect  or  per/«c2  cinivdjre,  quite 
hard,  greenish,  blackish -green  or  greenish-black ; 
cut-sections  grayish-white,  light  or  dark  green, 
with  very  close  parallel,  rectilinear  or  columnar 
groovings,  or  fibrous. 

The  silicic  flluoride  crystals  are  colored  orange 
yellow  by  chlorine  gas. 

A  in  a  small  part  only Enstatite. 

AA  in  a  greater  part  (Plate  U,  Fig.  ti)*Bronsite. 
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AAA  in  tbe  greatest  psrt *Hyper8tliene 

r  belong  to  calcium,  magnesium  and  iron,  or  oalcinm  and 
iron. 

Delicate  cleavage  fragments  or  cat- sections  show 
aa  either  before  or  after  heating  a  very  strong  dichro- 
ism.     The  silica  separated  from  the  heated  speci- 
men by  chlorine  gas. 
A  is  gelatinous. 

Very  perfectly  cleavable,  hard,  usually  grayish- 
green,  moQoclinic  crystals,  or  barred  or  granular 
aggregates  ;  cnt-seotions  grayish  or  greeuisb- 
white,  with  rectilinerally  parallel  bat  very  light 

and  delicate  groovings .«Epidote. 

^  ^  not  gelatinous. 

Black  or  blackish-green,  monoclinic.  columnar 
crystals  of  various  lengths  ;  cut-seutions  green- 
ish, grayish,  yellowish  or  brownish,  upon  which 
quite  perfect  cleavage  crevices  are  usually  seen. 
( Plate  11,  Fig.  7).  These  intersect  in  regular  dia- 
gonal sections  at  an  angle  of  124^80 '  *Amphibole. 
bb  none  or  only  slight  dichroism. 

A  Crystals  greenish-black,  black,  or  blackish-brown, 
monoclinic,  short  columnar ;  greenish,  yellowish, 
brownish  or  grayish  cut-sections  whose  cleavage 
crevices  are  often  quite  rectilinear.    They  intersect 
in  r^rnl&T  diagonal  sections  at  an  angle  of  87^6'. . 
*Augite  (pyroxene). 
A  A  Grains  thick,  plate-like,  dark-gray,  brownish  or 
blackish,  perfectly  cleavable  in  one  direction, 
and  striped  on  tbe  most  perfect  cleavage  sur- 
faces,  or  fibrous ;  cut-sections  with  parallel  and 
sharpl;  rectilinear  but  light  groovings  in  one  or 

two  directions  (Plate  II.  Pig.  8) •Diallage. 

a  The  silicic  fluorides  are  lacking  entirely  or  appear  only 
very  rarely. 
a  Cut-sections  pale  or  colorless  ;  changed  by  hydrofluoric 
gas  effervesce  in  sulphuric  acid.. Pure  alumina  silicate, 
like 'chiastolite  (Plate  II.Fig.  13),disthene,  andalusite. 
etc.  .which  may  sometimes  be  distinguished  by  etchings. 
b  Dark  red  hexagons  or  irregular  particles,  or  scales 

with  tattered  edges  (in  cut  sections) Hematite. 

g  Brown  or  yellow-brown,  mostly  earthy  particles  (in 
thin  sections ) Limonite. 
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B)  The  specimen  is  in  the  mostfragUa  splinterfi  or  the  thin- 
nest cnt-sectiong. 
A'  Black,  opaque. 

a  Is  distorted  by  heating  (sometimes  leaving  a  red 
portion  behind  it).     This  ia 

aa  Amorphous Anthracite,  coal. 

bb  scaly Graphite, 

b  Is  not  changed  by  treating.or  only  colored  brown- 
ish or  reddish  at  the  edge Magnetite. 

B'  Biackish-brown,  slightly  translucent. 

a  A  rhombohedral  cleavage  disclosed  by  the  cleav- 
age crevices,  and,  heated  with  a  drop  of  snlphnric 
acid,  colors  the  latter  blue  at  the  edge  ( according 

to  Sandberger) .Titanic  iron. 

b  Is  tessera!  and  gives  chrome  reaction . .  Ohromite. 

a.  The  flpeclmen  la  a  fVAKineat  or  a  portion  of  a  thta-secUon 
of  a  crystalline  rock. 

Ij  the  specimen  is  a  crygtalHiie  rtxik  out  ol  which  the  individiial 
mineral  to  be  investigated  can  be  selected,  in  the  form  of  very 
tiny  but  perfectly  homogeneous  particles,  by  help  of  strong 
magnifying  glass;  or  if  it  is  a  thin  section  out  of  whose 
sections  the  smallest  homogeneous  particles  can  be  cut;  in 
either  of  these  cases,  the  separate  investigation  of  each  miik- 
erai,  for  the  proof  of  its  real  nature,  should  be  undertaken  as 
the  surest  way;  but  the  fulfillment  of  all  the  conditions  for  an 
infallible  result  (namely,  purity  of  the  hydrofluosilicic  acid 
used,  as  well  as  of  the  Canada  balsam,  and  protection  from 
dust)  is  to  be  the  more  carefully  observed  the  smaller  the 
specimen  to  be  studied. 

If  the  above  mentioned  specimen,  in  the  form  of  a  thin  sec- 
tion, consists  only  of  minerals  each  of  which  contains  other 
metals  (or  one  other  metal)  a  separation  and  separate  in- 
vestigation of  the  individual  minerals  is  not  usually  necessary, 
but  the  general  treatment  of  it  with  hydrofluosilicic  acid 
usually  leads  to  perfectly  satisfactory  results.  For  example, 
if  the  specimen  is  a  variety  of  basalt,  which  consists  of  augite 
or  amphibole,  magnetite  and  nepheline,  or  of  augite  uid  am 
phibole,  magnetite  and  glass  substance,  (magma)  and  it  be 
treated  with  hydrofluosilicic  acid,  there  appear,  coustautiy,  in 
the  first  case,  besides  the  silicicfluorides  of  calcium,  magne- 
sium and  iron  (arising  from  the  augitic  ingredient),  silicicflu- 
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oride  crystals  of  sodium,  sometimes  also,  Id  less  quantity, 
those  of  potassium,  while  in  the  latter  case,  the  more  or  less 
rich  appearance,  or  sometimes  entire  lack  of  silicicflaorides  of 
the  alkalies  (and  the  insolubility  in  chlorine  gaa),  sufficiently 
characterize  the  chemical  nature  of  the  glass  substance  (mag- 
ma). If  the  specimen  is  a  variety  of  porphyry  which  contains 
besides  quartz  and  monoclinic  feldspar,  only  one  triclinic  feld- 
spar, and  it  is  treated  with  hydrofluoailicic  acid,  a  tolerably 
certain  conclusion  can  be  drawn  concerning  the  cheoaical  nature 
of  the  triclinic  feldspar  from  the  quantitative  proportions  of 
the  silicic  fluoride  crystals  of  calcium  and  sodium. 

These  cases  in  which  a  common  treatment  of  several  minerals 
with  hydrofluosilicic  acid  allows  the  chemical  nature  of  the 
minerals  to  be  recognized,  often  present  themselves  to  the  mi- 
croscopical petrographer  in  investigating  thin  sections  of  rocks; 
but  far  more  frequently  the  preparation  of  such  cases  lies  in 
the  hand  of  the  investigator. 

In  the  thin  sections  of  most  rocks  particles  appear  in  some 
places  which  allow  a  general  treatment  with  hydrofluosilicic 
acid  for  the  proof  of  the  chemical  combinations  of  their  mineral 
mixed  portions.  And  such  particles  however  small  they  may 
be  can  be  cut  out  of  the  thin  sections  and  investigated. 

If  the  thin  section  specimen  of  a  crystalline  rock,  in  whose 
minerals  occur  one  and  the  same,  or  several  similar  metallic 
elements,  be  treated  with  hydrofluo-sillcic  acid,  the  totality  of 
silicic  fluoride  crystals  formed  affords  in  all  cases  the  analogy 
of  a  partial  chemical  Bausch-analysis. 

Bat  in  most  cases  more  is  aimed  at  in  treating,  the  specimen 
with  hydrofluo- silicic  acid  Jhan  that  a  Bausch-analysis  may 
be  afforded  the  petrographer,  since  by  certain  precantionary 
measures— especially  if  the  hydrofluo-sillcic  acid  drop  has 
spread  only  a  very  little  over  the  edge  of  the  thin  section  and 
if  it  is  dried  in  a  perfectly  horizontal  position  on  the  object- 
glass  and  in  perfect  quiet, — the  silicic  fluoride  crystals  formed 
do  not  mingle  regardless  of  order,  but  for  the  most  part  are 
formed  on  the  upper  surface  of  that  mineral  to  which  they  be- 
long. In  such  cases  characteristic  forms  of  partial  chemical 
analyses  of  the  individual  minerals  have  been  obtained. 
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Vn.      BbMARES  UPON  THE  IMPORTANCE   OF  THE  EXPLAINED 

Methods  poe  DErrERMiNATrVE  Mineralogy  and  Analyt- 
ical Chemistry. 

Upon  the  basis  of  many  analytical  experimente  whit^  I  have 
made  according  to  the  above  methods  upon  many  and  varions 
(about  one  hnndred)  minerajs,  I  believe  I  may  be  allowed  to 
express  the  hope  that  my  elemeotB  of  a  new  method  for  the 
chemico- microscopic  analysis  of  rocks  and  minerals  may  (dtor 
many  suggestions  not  unimportant  to  the  petrologist  and  min- 
eralogist, and  also  in  some  measure  to  the  analytical  chemist, 
and  that  they  are  worthy  of  a  continued  and  broader  develop- 
ment (by  means  of  other  valuable  agents )  ' 

Without  mentioning  tiie  amonnt  of  time  and  many  requisitea 
— a  favorable  place  for  work,  the  necessary  apparatus,  and 
nnmerons  reagents— which  the  chemico-analytical  experiments 
undertaken  upon  minerals  in  the  usual  way  demand,  ttie  miner- 
alogist as  well  as  the  petrographer  is  obliged  to  experimenl 
upon  one  or  a  few  grains  of  tlw  specimen,  and,  after  one  or 
more  failures  or  experiments  producing  only  negative  resnlts, 
must  discontinue  his  attempts  on  account  of  lack  of  material. 
And  in  such  a  case  the  best  chemist  cannot  aid  him  unless 
the  spectroscope  can  offer  assistance. 

On  the  other  hand.ouT  '  'i^niversal  method"  ( and  at  times  also 
Uie  methods  based  upon  the  application  of  fluohydric  gas)  ap- 
plied to  the  smallest  specimen,  offers  a  safe  analysis  of  the 
metallic  elements,  whether  they  appear  free  or  in  monoxides, 
or  in  their  manifold  salts,  in  hyperoxides  or  their  analagous 
sulphur,  selenium,  tellurium,  arsenic  and  antimony  compounds; 
which,  with  the  cooperation  of  the  physical  properties,  usually 
suffices  for  the  determination  of  the  mineral  gpecies.  More- 
over our  method  requires  no  special  locality  for  the  work,  no 
large  number  of  implements  and  reagents,  but— besides  Canada 
balsam,  object-glasses  and  a  spirit  lamp— only  a  caoutchouc 
flask  filled  with  perfectly  pure  hydrofluo-silicic  acid  of  3  per 
cent,  strength,  and  a  caoutchouc  stick  kept  in  a  caoutchouc 
tube.  And  the  whole  time  required  for  investigating  a  mineral 
— without  counting  the  time  required  for  drying  the  drop  of 
acid — is  in  most  cases  only  from  five  to  ten  minutes. 

Although  I  have  already  examined  more  than  a  hundred  min- 
eral species  by  means  of  hydrofiuo-silicic  acid,  still  1  consider 

1  Preeminent!;  do  ex  perl  men  IB  nllh  nclds  analoaous  to  hrdraBuixllEcilo  aoltLaqMO- 
l»i\j  with  borfluoTio  and  hrdrofluutltanlc  acid,  pro  mist,  favunible  raeulu. 
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this  only  a  small  fraction  of  the  work  yet  to  be  completed  in 
order  to  be  able  to  publish  a  practical  and  perfectly  reliable 
key  for  the  determination  of  all  minerals  according  to  the 
above  described  methods.  But  I  hope  in  a  few  months  to  reach 
the  desired  end.  I  will  here  confine  myself  to  a  few  hasty  re- 
marks which  indicate  the  foundations  for  the  projected  key  for 
ttie  determination  of  mineral  substances,  and  which  will  con- 
tain the  requisite  directions  for  many  cases. 

(a.)  The  silicic  fluorides  known  up  to  this  time -besides 
those  appearing  in  petrologlcally  important  minerals,  and 
specified  on  pages  17  tq  23— are  the  following: 

The  silicic  fluoride  of  ammonium  (plate  I,  fig.  1,  s.  t,)  ( [AW^], 
Si  Ft)  must  be  dimorphous  (Marignac.  Ann.  chem.  phys.,[8I  LX 
—301  and  Jahresb.  uber  Portschr.  d.  Chem.  UQO  [pro  1859], 
page  107,  and  1861  [pro.  1860],  page  98).  Prom  the  pure  solu- 
tion it  crystallizes  according  to  Marignac  in  tesseral  combina- 
tions of  octahedrons  with  hexahedrons;  from  solutions,  on  the 
other  hand,  which  are  rich  in  hydro- fiuorio  gas  or  flu^iride  of 
ammonium,  in  combinations,  of  the  hesagonalsystem:  oo /*.  P. 
OP.  ao  P.  P.  2P.  OP.  According  to  Marignac's  report  P:  P.  — 
189-36',  2P:  2i'-127-25',  OP:  P»136*20',  OP:  2/'-117"3«'. 
Through  re-crystallization  the  hexagonal  crystals  become 
tesseral. 

From  the  solutions  diluted  with  surplus  fluoride  of  ammo 
nium,  the  silicic  fluoride  of  ammonium  crystalizes  in  double- 
folded,  quadratic  combination  forms  (x  /'.O/*  rarely  co  Pa>  i, which 
many  times  appear  cube- shaped  (Jahresb.  uber  Fortschr.  d. 
Chem.,  1860  [pro.  1859J,  page  107). 

I  obtained  the  silicic  fluorides  of  ammonium  (with  a  surplus 
of  hydrofluo  silicic  acid),  always  in  large  sharp-edged  te-iseral 
forms  (oo  0  qo.O),  which  could  not  l>e  distinguished  from  the  silicic 
fluorides  of  potassium,  unless  it  is  permissible  to  designate  the 
-unusually  beautiful  scale-stmt^ure  and  the  step  like  nature  of 
the  surfaces  observed  on  the  imperfectly  formed  crystals  of 
silicic  fluoride  of  ammonium  as  special  marks  of  difference. 

Since  the  ammonium  salts  are,  by  their  volatility  when 
heated,  to  be  distinguished  easily  and  separated  from  the  potas 
sic  salte,  the  isomorphism  of  their  silicic  fluorides  is  not  df- 
stroyed  by  the  investigation  of  the  mineral  substances.  If,  for 
example,'  a  thin  particle  is  to  be  tested  for  potassium,  the 
specimen  is  heated  before  treatment  with  hydroflno-silicic  acid 
or  with  fluohydric  gas. 
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The  gUidc  fluoride  of  silver  (Ag^  Si  F^  +  i  H^O)  orystalliaes Id 
quite  flat  pyramids  of  the  tetragonal  system,  which  are  liable  to 
deliqtiesce  in  the  air.  (Marignac,  Comptes  rendus  XL VI — 854 
and  Jahresb.  uber  Portschr.  d.  Chemie  v.  Kopp  a.  Will,  1859 
[fUr  1858],  pag.  145,  and  1860  [f.  1859],  pag,  107). 

27i«  wiicic  difluoride  of  mercury  {Sg^  Si  fg  +  Sff,  0)  prepared 
by  the  solution  of  carbonic  oxide  of 'mercury  in  fluosilicio 
acid  and  evaporation  of  the  solution,  appears  in  very  trans- 
parent prismatic  crystals. 

The  sUicic  fluoride  of  mercury  {Eg  Si  F^  +65',  0)  crystallizes  iu 
water-clear  rhombohedrons,  arranged  like  stairs,  and  liable  to 
deliquesce  on  exposure  to  air,  and  these  are  formed  when  the 
solution  of  quicksilver  oxide  in  hydrosilicic  acid  is  so  concen- 
trated that  the  crystals  of  the  above- mentioued  compound 
begin  to  separate,  and  also  when  the  solution  is  left  to  itself  at 
a  temperature  not  exceeding  15°.  (Gmelin's  Handb.  d.  Chemie, 
pag.  865). 

The  silicic  fluoride  of  lead  :  (Pb  Si  F^+iB^  0)  crystallizes  ac- 
cording to  Marignac,  (Ann.  Min.  [5]  XV,  221  u.  Jahresb.  uber 
Fortschr.  de  Chemie,  I860,  pag.  107),  in  forms  of  the  monoclinic 
system,  and  especially  in  the  combinations:  OP.  oo  P,  QP.  oo  P. 
a>P2.  Poo. — P.P.2Pto.  In  the  clinodiagonal  chief  section  00  P:ac>P 
—64°  46',  <»P2:  ooPa— 103"  30',  P:  P—lOO^  2',— P:— iU.101° 
23',  OP:  odPoj— Sl'-SO',  OP:P— 130"  29',  OP:— P— 18l«  24',  and 
lOP:  2PaD— 128°  6'.  The  crystals  are  easily  cleavable  parallel 
to  OP  and  less  easily  parallel  to  cnP  oo. 

The  ailidcfluorldeofteadPbSiFt  -»-2ff,  0  is,  accordingto  Mar- 
ignac (as  above),  in  some  cases  monoclinic,  and  usually  appears 
.In  the  form  as  P.  OP,  rarely  with  oo  Poo  or  Pea.  In  the  clinodiag- 
^Jnal  chief  section  ooP;  ooP— 71°  48',  OP:ccfto— 103°  44',  OP: 
Qoi^9a°,  OP;  ito—  127°  55". 

The  large,  beautiful,  sharp-edged  and  smooth-faced  crystals 
of  eilidcifluoride  of  lead  (magnified  to  the  400tb  power)  which  I 
obtained  from  the  lead-glan'  '  ~.  om  Pribram,  by  means  of  hy- 
drofluosilicic  acid,  had  the  .  .s:  oo  P.OP,  oj  p.  OP.  qo?oci,odP. 
ocPco  mP.  mf'ao .  The  prisms  and  needles  were  in  radial  groups 
and  bore  a  great  sitr"arity  to  the  aggregate  forms  of  silicic- 
fluorides  of  calcium  and  strontium. 

Treated  with  tolerably  dilute  sulphuric  acid,  they  were 
changed  into  little  secondary  forms  in  a  confused  mass  of  deli- 
cate needles  (anglesite?)  and  were  soon  colored  grayish  by  hy- 
dro sulplutric  gas. 
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The  eilicicjluc/ride  of  copper  {Ou  Si  F^+6S^0)  crystallizes  ac- 
oording  to  Marignac  (Ann.  Min.  [5]  XV— 221)  in  forms  of  the 
hemifeedral  hexagonal  system,  usaally  in  the  combination  forms 
<D  P2.  R;  S:  B^  125°  30'.  If  thesiliciciuoride  of  copper  crys- 
tfdlizesat  50°  T,  it  appears  as  CuiSf  J>',+4H,0  in  forms  of  the 
mODOclinic  system. 

The  rare,  almost  colorless  crystals  of  silicic  fluoride  of  cop- 
per, formed  from  chtilkosine,bomite  and  tetrahedrite  by  hydro- 
flaosilicic  acid  being  greenisk-blue  or  bluish-green  in  reflected 
Ught  were  usually  imperfectly  formed  and  alvrays  deliquesced 
on  the  edges  and  oomera.  After  treatment  with  chlorine  gas 
they  appeared  bluish-green  in  transmitted  light 

ITte  silicic  fluoride  of  nickel  (Ni  SiF^  +6  S,  0)  formed  by  dia- 
solving  Ni  CO,  in  H,  SiPg,  crystallizes  according  to  Marignac 
(Ann.  Min.[5]  XV— 26!i;  Jahresb.  uber  Fortschr.  der  Chemie  v. 
Kopp  u.  WUl,  1860,  page  103,  and  Gmelin's  Handb.  d.  Ch.  p. 
571)  in  forms  of  the  bemihedral  hexagonal  system,  and  in 
greenish  rhombohedrons  and  hexagonal  prisms;  is  easily 
soluble  in  water.  R;  R-127*  34',— 2R:— 2R-97°  10'.  R:od  R 
-116"  13',  00  R:  — 2R-181°  23',  OR:  R=.149°  14',  OR:— 2R=« 
130='  0'.     Specific  gravity^ 2. 109  (Topsofi). 

The  crystals  of  silicic  fluoride  of  nickel  formed  from  ullmanite 
and  carbonate  of  nickel  were,  magnified  to  the  400thpower,  quite 
large,  either  prism-shaped,  needle-shaped  or  simitar  to  a  rhom- 
bohedron  combined  with  the  basal  face,  very  sharp-edged  and 
smooth-faced,  almost  colorless  in  transmitted  light,  grayish 
green  in  reflected  light,  and  usually  covered  with  a  dark-gray 
granular  substance  which  is  greenish-yellow  and  delicate^ 
granular  in  reflected  light. 

By  the  action  of  chlorine  gas  they  acquired  a  more  or  less 
greenish,  in  some  places  emerald  green  color,  and  treated  with 
dilute  sulphuric  acid  were  changed  into  small  secondary  forms 
in  a  close  network  of  delicate,  long,  grayish  needles;  in  re- 
flected light  this  network  appef^r^^light  grayish-bluish-green. 

The  silicic  fluoride  of  cobtdt  ( uuiwl/",  -i-QH^  0),  formed  by  dig- 
solving  carbonate  of  cobalt  in  fluosilicic  acid  appeared  (accord- 
ing to  BerzBliu3)in  pale-red  rhombohedrcns  and  six-sided  prisms 
which  are  easily  soluble  in  water.  According  to  Grailioh 
(Kryst.  opt.  Unters.  Wiens;  u.  01mUtz,1858,75),  R:  R  (Polk.)  — 
126"  59',  B:  a3P2=.116'='  30'.  The  crystals  are  indistinctly 
deavable  parallel  to  ca  P2.  Thespeoificgravity~2.067(TopsoH) 
(Gmelin's  Handbuch  der  Ohemie,  page  516). 
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The  silicic  fluoride  of  cobalt  formed  from  colwiltine  by  means 
of  hydrofluosilicic  acid,  appeared  (ma^ifled  to  the  400t^ 
power)  in  lar^.  sharp-edged,  smooth-faced  cryBtEds,  *hich 
seemed  to  be  iBomorphous  with  the  silicic  fluoride  crystals  of 
nickel  and  iron.  While  the  small  crystals  were  almost  color- 
less the  larger  presented  a  distinct,  pure  bluish  or  pale-violet 
color. 

By  action  of  chlorine  gas  the  silicic  fluoride  crytals  of  cobalt 
were  colored  for  the  most  part  pale  violet-brown,  and  dissolved 
largely  into  a  violet-red  liqnid.  Treated  with  rather  dilute 
sulphuric  acid,  they  gradually  lost  their  bluish  color,  became 
colored  pale  rose-red,  and  about  the  borders  merged  into  deli- 
cate grains. 

The  silicic  fluoride  of  <xtdmium  {Cd  Si  F^-i-QS^  0)  crystalliees, 
according  to  Marignac,  (Compt  rend.  XL  VI — 854,  and  Jahresb. 
a.  Fortschr.  d.Chemte.  1659  [US]  and  1860  [107]),iD  long  prism- 
shaped,  transparent  forms  of  the  hemihedral  hexagonal  system, 
which  are  very  easily  soluble  in  water. 

Thesilidc  fluoride  of  zinc  (Zn  Si  Fg+QH,  0)  crystallizes,  ac- 
cording to  Marignac  (Ann.  Mio.  [5]  XV,  221  and  Jahresber. 
Ober  Fortschr.  der  Chemie.  v.  Kopp  und  Will,  1860,  page  108), 
\n  hemihedral  hexagonal  forms,  usually  in  the  combination 
forms  00  P2.  £  or  CO  P2.  R.  OR  and  parallel  to  n  P2  is  distinctly 
oleavable.  R.  .fl-i27"16'.  Specific  gravity-=2.104.  Easily 
soluble  in  water. 

Treated  with  rather  dilute  sulphuric  acid,  the  crystals  of 
silicic  fluoride  of  zinc,  which  I  obtained  from  sulphuret  of  zinc 
by  means  of  hydrofluosilicic  acid  were  very  slowly  changed. 

The  silicic  fluoride  of  tin  appeared  in  long  prisms,  which  are 
very  soluble  in  water,  and  by  evaporation  separate  into  oxide 
and  silica.     (Gmelin's  Handbook  of  Chemistry,  p.  153.) 

The  silicic  fluoride  of  molybdenum,  obtained  from  molybdenite 
by  means  of  hydrofluosilicic  acid,  appears  (mag.  to  tJie  400th 
degree)  in  large  sharp-edged,  smooth-faced  colorless  crystals 
which  show  greatest  similarity  to  the  combination  forms  of 
B.  OK  and  B.  oo  P  2.  And  the  delicate  leaves  of  molybdenite 
became  transparent  and  of  a  beautiful  grayish-blue  color  after 
treatment  with  hydrofluosilicic  acid. 

The  silicic  fluoride  of  ptofinum  resembles  a  yellowish-brown 
gam.     (Qmelin's  Handbook  of  Chemistiy,  p.  1186). 

From  the  foregoing  it  is  evident  that  the  silicic  fluorides  of 
copper,  cobalt,  zinc,  nickel  and  manganese  are  isomorpbons 
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(for  the  terminal  edges  of  their  fnndameatal  rhombohedroQS 
give  the  foUowing  values:  1250  80',  126"  59M27'"  16',  127'' 84' 
and  128°  20*),  and  they  appear,  with  the  exception  of  silicic 
fluoride  of  copper,  in  very  similar  combiaation  forms  (mostly 
00  P2.  R  and  K.  OR).  And  since  tiiese  silicic  fluorides  are  als^ 
related  to  those  of  iron,  cadmium,  magnesium  and  posaibly 
several  other  metals,  the  series  of  those  metals  which  appear 
in  such  silicic  fluoride  crystals  as  can  hardly  be  distinguished 
by  their  same  types  is  quite  large. 

But,  since  it  is  possible  to  separate  successfully  from  each 
other  the  isomorphous  silicic  fluorides  of  calcium  and  strontium, 
and  those  of  iron,  manganese  and  of  magnesia,  in  a  very  simple 
way,  it  is  to  be  hoped  tiiat  a  simple  and  suitable  reaction  for 
aH  the  silicic  fluorides  of  metals  of  the  hemihedral,  hexagonal 
crystal  series  can  be  found. 

Of  the  few  and  qnickly  made  observations  ioxd  experiments 
which  I  made  with  this  end  in  view,  I  will  mention  the  following: 
(a)  All  the  specified,  hemihedral  hexagonal  silicic  fluorides 
were  almost  colorless  in  transmitted  light  If  they  appeared  in 
small  quantities,  but,  on  the  other  hand,  when  they  were 
brought  forth  in  greater  quantities  or  in  larger  crystals  (from 
minerals  easily  decomposed  by  fluosilicio  acid)  a  distinct,  pale- 
Tiole^blue  or  violet- red  color  appeared  npon  the  silicic  fluoride 
crystals  of  cobalt;  upon  those  of  niclcel,  a  gray  color  with  a 
faint  tint  of  brown;  upon  those  of  copper,  a  gray  with  a  strong 
shade  of  bluish-green,  while  upon  the  silicic  fluoride  crystals  of 
the  other  metsjs,  except  a  grayish  tint,  no  color  was  ob- 
served. 

(6)  In  reflected  light,  of  the  crystals  of  the  silicic  fluoride 
metals  mentioned  under  (a),  those  of  copper  appeared  bluish- 
green,  of  nickel,  greenish  gray,  of  cobalt,  bluish-gray. 

(g)  By  the  action  of  chlorine  gas  were  the  silicic 
fluoride  crystals  of  copper  colored  bluish  green,  those 
of  nickel,  emerald-green  or  dark-grayish -green,  those  of 
cobalt,  violet-brown  and  those  of  iron,  orange-yellow,  but 
in  the  presence  of  cobalt  and  nickel,  citron-yellow  or 
greenish-yellow.  The  silicic  fluoride  crystals  of  manganese 
contained  a  faint  shading  of  rose-red,  while  those  of  zinc' 
and  magnesia  remained  colorless  or  became  grayish- white., 

(d)  By  sulphuric  acid  the  silicic  fluorides  of  most  metals 
WOTe  gradually  dissolved,  though  the  silicic  fluoride  of  cobalt 
gave  a  viole^red  liquid.     Lastly,  hydrosulphuric  acid  and  sul- 
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phide  of  ammODim  gas  were  used;  bnt  the  results  were  not  so 
significant  that  a  repetition  of  the  experiment  seemed  neces- 
Bary. 

Since  the  silicic  fluoride  of  lead  appeared  in  monoclinic  and 
Jihe  silicic  fluoride  of  silver  in  tetragonal  crystal  forms,  the 
distinction  of  the  silicic  fluorides  of  the  two  metals  from  each 
other  and  from  the  hemihedral  hexagonal  silicic  flnorides  of 
the  above  named  metals,  according  to  the  form  type,  is  possi- 
ble. Moreover  the  silicic  fluoride  of  lead  shows  itself  in  such 
a  way  that  when  treated  with  tolerably  dilute  sulphuric  add  it 
is  changed  into  little  secondary  forms  in  a  net-work  of  delicate 
needles  (anglesiteV). 

(b)  By  the  treatment  of  minerals  with  hydrofluosilicic 
acid  and  by  the  observation  and  Anally  the  farther  separation 
of  the  silicic  fluoride  crystals  formed,  the  knowledge  of  t^e 
electro-positive  elements  of  minerals  is  guned;  therefore  for 
determinative  mineralogy  (in  general)  a  classification  of  the 
mineral  kingdom —which  is  analogous  to  the  classifications  ex- 
plained for  petrologlcally  Important  minerals — in  groups  ac; 
cording  to  the  electro-positive  elements,  appears  to  be  worthy 
of  consideration. 

(c)  There  are  only  a  few  minerals,  which — like  barytSi 
celestane  and  quartz — are  not  at  all  affected  by  the  three  per 
cent  solution  of  hydrofluo-silicic  acid;  on  the  other  hand  some 
minerals  are  decomposed  by  it,  which  would  hardly  have  been 
expected;  as  for  example  tourmaline,  spinel  in  thin  sections, 
sphalerite,  and  pyrite  in  fragments. 

(d)  The  sesquioxides  of  aluminum,  of  iron,  and  as  it  ap- 
pears of  other  minerals  also,  are  quite  changed  into  silicic  flu- 
orides by  fiuosilicic  acid;  but  these  do  not  appear  to  show  them- 
selves altogether  in  crystal  forms.  This  permits  the  mineral- 
ogist as  well  as  the  chemist  to  distinguish  the  smallest  quanti^ 
of  any  oxide,  (for  example,  of  iron  which  is  easily  changed 
into  silicic  fluoride  crystals  which  remain  stable  in  the  ur)  in 
any  (iron)  salt,  whether  soluble  or  insoluble  in  acids. 

(e)  The  quantity  of  silicic  fluoride  crystals  formed  under  sim- 
ilar conditions  and  of  the  silica  separated  from  silicates,  offers 
an  excellent  means  forjudging  the  insolubility  of  tiie  deter- 
mined minerals  In  hydrofluo- silicic  acid,  and  of  estimating  the 
importance  of  the  determinations. 

The  reacUons  meitUoned  under  (a)  and  in  connedion  tcith  ihe 
physical  properties  of  the  upecimenB  should  in  moat  cases  suffice 
for  the  determination  of  minerals. 
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ff) If  tiie  specimea  is  a  simple  salt  soluble  in  water,  the 
crystal  fona  of  the  original  salt,  or  that  changed  only  by  the 
percentage  water  of  crystallization  which  it  has  absorbed,  cui, 
after  the  treatment  with  hydrofluo-silicic  acid  and  drying  of 
the  specimen,  be  brought  to  appear  in  conjunction  with  the 
silicic  fluoride  crystals  of  the  electro- positive  elements.  Thus,, 
for  example,  tf  -one  should  treat  the  l^ger  grains  of  sodium  chlo- 
ride, Chile  saltpeter,  glauber  salt,  borax,  etc.,  with  hydrofluo-; 
silicic  acid  (each  specimen  separately),  he  will  obtain  near  th& 
hexagonal  silicic-fluoride  crystals  of  sodium,  (appearing  in  each 
specimen),  in  the  first  specimen  little  cubes  of  chloride  of  so- 
dium, in  the  second  rhombohedrons  of  sodium  nitrate,  in  the 
third  monoclinic  needles  of  glanber  salt,  and  in  the  fourth, 
borax  crystals  recognizable  through  their  form  types.  ^  ,Ift 
kleserite  be  treated  with  hydrofluo-silicio  acid,  one  ob:tains 
near  the  silicic- fluoride  crystals  of  magnesium,  epsqmite  also.  , 
(g)  If  the  specimen  is  a  compound  salt  soluble  in  water,: 
there  appears  near  the  silicic  fluoride  crystals  of  the  individual 
metals,  single  salts  of  mineral  specimens  in  their  original  crys- 
tal forms,  or  in  these  changed  only  by  the  absorption  of  the 
water  of  crystallization.  Thus,  for  example,  after  the  treat- 
ment of  polyhalite  with  hydrofluo-silicic  acid,  I  have  also 
noticed  at  the  first  glance  striated  groups  of  beautiful  gypsum 
crystals  near  the  silicic  fluoride  crystals  of  potassium,  magne-, 
slum  and  calcium. 

(b)  If  t^e  mineral  specimen  is  a  carbonate,  on  its  treatment 
with  hydrofluo-silicic  acid,  a  very  strong  effervescence  is  in, 
most  cases  to  be  noticed,  by  which  the  electro-negative  elements,  ■, 
especially  the  colorless  and  odorless  carbonic  acid  gas  are 
sufficiently  identified. 

A  more  or  less  strong  ebullition  was  observed,  on  treatment 
with  hydrofluoric  acid,  of  potash,  soda,  calcite,  magnesite, 
dolomite,  dialogite,  witiierite,  strontianite,  cerussite  and  azu- 
rite;  on  the  other  hand  no  development  of  gas  could  be  noticed 
in  the  case  of  siderite,  mesitine  uid  smithEtpnite,  although  after 
the  drying  of  the  hydrofluosilicic  acid  drop,  the  formation  of 
silicic  fluoride  crystals  followed  (less  richly)  trom  the  carbon- 
ate last  mentioned. 

In  the  cases  explained  under  (f),  (g)  and  (h),  our  methods 
offer  a  perfect  chemical  analysis  of  the  mineral  substance. 

(i)  All  minerals  of  the  classes  of  glance,  pyrite,  and  blende 
(and  from  the  metstls  of  pure  silver)  which  I  have  heretofore 
investigated  with  fluosilicic  acid,  were  more  or  less  strongly 
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affected  and  gave  a  correspondiDfir  quantity  of  silicic  fluoride 
crystals.  The  most  beautiful  and  the  largest  crystals  were  ob- 
tained from  iron,  cobalt,  nickel  and  lead  minerals,  the  rarest 
from  minerals  containing  copper,  (chalcosine  bomite,  tetrahe- 
diite).  Pyrite  fragments,  however,  form  an  exception  unce 
they  gave  only  a  few  small  silicic  fluoride  crystals  of  iron. 

(k)  If  the  material  to  be  examined  is  in  considerable  quan- 
tity and  one  wishes  to  test  the  electro-negatlTe  element  also, 
for  a  perfect  mineral  analysis,  this  can  be  done  with  the  ordi- 
nary reagents,  either  upon  a  watch-glass  ( for  the  proof  of  Gl, 
Br,  I,  SO,,  P,  0„  S,  O,),  or  in  a  glass  tube  (for  proof  of  F,  S, 
Se.Te),  or  upon  coal  (for  proof  of  .y,  0„  As,  0,  Sb,  0„  Aa,  8b), 
or  in  a  salt  of  phosphorus  lead  (for  proof  of  Si  0,,  Ti  0,,  Mo 
0„  WO,). 

(li  If  this  be  done  to  prove  the  alkalies  only  (even  if  they 
appear  in  the  smallest  quantity),  in  a  silicate  (tor  example 
amphibole,  wolleistonite),  or  to  establish  their  absence,  then 
treat  the  silicate  specimen  (in  little  gruns)  wiUi  hydrofluoric 
gas.  Extract  the  silicic  fluorides  of  the  alkalies  by  gradually 
boiling  in  water  upon  a  platinum  cover  and  place  this  decoc- 
tion reduced  at  a  moderate  temperature  to  one  drop  upoo  the 
hard  plate  ( of  Canada  balsam)  of  an  object-glas^. 

It  is  to  be  noticed  here  that  in  many  cases  the  silicic  fluorides 
of  other  metals  contained  in  the  specimen  may  appear.  Thus 
I  have  always  obtained  from  calcareous  silicates  rich  in  silicic 
acid  (as  oligoclase)  a  small  quantity  of  silicic  fluoride  of  cal 
culm;  on  the  other  hand,  on  analogous  treatment  of  anorthite 
and'Wollastonite  no  needles  of  silicic  fluoride  of  calcium  were 
to  be  found.  And  the  slow  development  of  large  gas  bubbles 
on  treatment  of  anorthite  and  wollastonite  changed  by  HF 
was  a  proof  that  only  a  simple  calcium  fluoride  had  formed  in 
the  latter  minerals.  But  by  treatment  of  chondrodite,  olivine 
and  rhodonite  with  hydrofluoric  gas  and  then  with  a  cold  drop 
of  water,  long  prism-shaped  sUicic  fluoride  crystals  of  mag- 
nesium (iron)  and  manganese  were  produced. 
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IL1.U8TRA.TIONB  OP  PABTB   OF    MiOBOSOOPIC  PbEPARATIONS 

Showiniq 

(a)  The  silicicflnoricle  crystal  types  of  metalB  appearing  in 
petrologically  important  miueraU  and 

(b)  The  characteristic  changes  which  are  effected  npon  the 
npper  sarfaoe  of  thin  seotitms  or  clearage  sections  of  petro- 
logically  important  minerals  either  by  hydrofluosilicic  aeid  or 
by  bydroflnoric  gas. 


[PISTES  I  Ain>  n.] 

JBrpIonolion  of  PlaU  L 

[norm.  iDthereprodnottODOtthe  pUtM,>oniB0lthBOrMklattonflmpIoyedI)7Ui« 
KDtbmtodeiliD&tsthaflKaTes  hBTobeoomBludinlDot,  TbaiB  Onwk  lotttin,  lunr«Ter, 
BiwooDSDed  to  rig.  i,  Plmte  I.  The  ramder  mky  iwtora  thaa  >1I  br  BOtluc  thmt  tha 
un*U  eryitaU  la  "FK.  1,"  of  Plate  I.  are  daslxnatad  In  tha  orl(lD»l  from  Isft  to  rlKb* 
In  ItaatoUowlagOTdar:  AIpha,eiiBllon,lota,ThD,nu,  mu,al(taa,  tau,  whlah  In  the  tid- 
IdvInK  •iplanatloD  are  deatsnatad  br  a.  e,  I,  r,  n,  m,  a,  t1. 

Fig.  1.  Sllieicfluorldeofpotaanum.obBervedandrepraseDtedwneomag- 
nifled  to  the  400th  power:  a,  I,  from  the  preparation  of  Rrof.  8toIbs  (br  re- 
oiTatallliatlon  on  the  object-glass);  e,  m,  n,  r,  («  0. «  Oid,0.<«  0».) 
from  the  water  decoction  of  a  dark-greeo  blotite,  changed  b^  brdroflnoric 
gas.  s.  acd  t.  are  crystals  formed  bj  the  reerjstallliatlon  of  silicic  fluo- 
ride of  ammonium. 

Fig.  2.  SUldc  fluoride  of  poiaasiam  observed  when  magnified  to  the 
400th  power,  and  produced  from  the  water  decoction  of  amazonlte  from 
Hlask  changed  by  hydrofluoric  gas. 

Fig.  3.  SlUelc  fluoride  of  lithntm,  magnified  to  the  200th  power,  and  pro* 
dnced  from  the  preparation  of  Prof.  Stolba,  by  recry  stall  Izatlon  upon  the 
object-glass. 

Fig.  4.  SlUdc  fluoride  of  aodium  (<n  P.  P,  «  P.  0  P.),  magnifled  to  the 
400th  power,  and  produced  from  tbe  water  decoction  of  albite  from  Zell 
(In  ZlUeritaal)  changed  by  hydrofluoric  gas. 

Fig.  &.  Silicic  flndride  of  eolctttm  [to  P.  0  P,  sometimes  m  P.  0  P.  (d  P 
to  etc.), seen  as  magnified  to  the  160th  power,  preparation  of  Prof.  Stolbs. 

Fig.  6.  Silicic  fluoride  of  ealetum  magnified  to  theaooth  power,  and  pro- 
duced from  the  hot  solution  of  the  above  mentioned  preparation  upon  the 
object-glass. 


;vC00»^lc 


74  NINETBENTH  ANNDAL  EXPORT 

Fig.  1.  Short,  hexagoDal  prlstns  terminated  bj  tmncabed  pyramids  of 
silicic  fluoride  of  sodhm  aod  slender  braacblng  forms  or  Bplndle-like  fbrms 
of  silicic  fluoride  of  caletum,  magnifled  300  times,  and  produced  b;  recrrs- 
talllzatlon  of  a  mixture  of  two  parts  by  weigbt  of  silicic  fluoride  of  sodi- 
um and  one  part  by  weight  of  silicic  fluoride  of  calcium. 

Fig.  6.  Louir  liexagonal  prisms  terminated  by  blunt  pyramids  of  silicic 
fluoride  of  sodium  and  ttalclc,  branching,  or  spindle-like  forms  of  silicic 
fluoride  of  ctUetum,  seen  as  maguifled  to  the  200th  power  and  prepared  bf 
recrystalllzatlon  of  a  mixture  of  one  part  by  weight  of  aiUctc  fluoride  of 
sodium  and  two  parts  by  weigbt  of  silicic  fluoride  of  calcium. 

Fig.  9.  Silicic  fluoride  of  tlrontium,  observed  wtieu  maguifled  to  the 
20Oth  power,  and  produced  from  the  preparation  of  Prof.  Stolba  by  reciys* 
talllzatlon  upon  an  object-glass. 

Ftg,  Id.  Silicic  fluoride  of  magtuHum  (tor  the  most  part  S,  R.OS), 
nagnlfledto  tb«>6lK)th  power  and  prepared  from  chondrodite— throngb 
thesuccesslTe  treatments  of  the  latter  with  hydro-fluortc  gaa  and  hydro- 
fluostticlc  acid. 

Fig.  11.  SIllclcfluorldeofmofpiMtum  (for  the  most  part  a>P2.B,B,\tt 
part  Imperfectly  formed )  maguifled  to  the  400th  power  and  prepared  from 
humlte  br  treatment  with  taydrofluoeiUcIc  acid. 

Fig.  12.  Silicic  fluoride  of  magnaium  (lor  the  most  part  imperfectly 
formed  and  regularly  grouped  crystals,)  magniCed  to  the  400th  power  and 
prepared  by  treatment  of  magneslte  with  hydroflucslllcic  acid. 

Fig  13.  Bare  crystals  prepared  from  some  calcareous  silicates  (corslte, 
tauklte),  by  successive  treatments  with  hydrofluoric  gas  and  hot  hydroflno- 
sitlcicacid,  and  observed  when  magnified  to  the  400th  power.  Itisyetto 
be  proven  to  which  metal  they  belong.  (The  pyramidal  crystals  aome^ 
tlraes  Irregular  at  tbe  middle  edge,  as  well  as  the  rhomboldal  forms  be* 
long  most  probably  to  calcium). 

Fig.  14.  Tiny,  short  needles  of  silicic  fluoride  of  barium  and  shrubby  bu^ 
yet  delicate  forms  of  silicic  fluoride  of  calcium,  brought  out  only  by  breath- 
ing upoif  them,  (these  forms  are  strongly  stamped  in  the  flgure),  observed 
when  magnified  to  the  400th  power  and  produced  from  a  calcareous  with- 
erlte— by  treatment  with  bydrofluosUicic  acid. 

Fig.  15.  Silicic  fluoride  of  inth  (mostly  oP^.  S),  magnified  to  400tli 
power  and  obtained  from  the  silicic  fluoride  of  Iron  preparation  by  recrya^ 
talllzation  upon  tbe  object-glass. 

Fig.  le.  A  thin  sectlOD  of  omtuonile  from  HIask  which  was  covered 
with  a  drop  of  hydrofluo-slllcicacid'  and  after  drying  of  the  drop  observed 
when  magnlfled  to  tbe  400bb  power.  The  cubes  of  sltlclcfluorlde  of  potasr 
Blum  and  the  lattice  structure  of  the  amazonite  are  noticeable. 

Fig.  IT.  Portion  of  a  polished  section  of  oUgoelase  from  Ttterby,  whlcK 
was  covered  with  a  drop  of  bydrofluostllclc  acid  and  after  dicing  of  the 
drop  observed,  m^nlfled  to  the  400tb  power.  Tiny  six  sided  tablets  of 
■lliclcfluorideof  sodium,  and  thin  Bplndle-llke  forms  of  sUlcicOuorlde of 
calcium  are  noticeable. 

Fig.  18.  Portion  of  a  polished  section  of  IdbradvriU,  of  changeable 
colors,  probably  near  a  eaicareou^y  ridt  andMine,  the  labradorite  being  Irom 
OJamo  in  Finnland,  was  covered  with  a  drop  of  hydrofluoslUcic  acid  and 

iH  here  meatloned  the  bydroDuO  alliolc  »«id  WM  ftboat  3H  par 
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observed  after  dirtng  of  tbe  drop,  nwgnllled  to  the  400lh  power.  Short 
hezagonal  prisma  aguallj  surroaDded  by  &  babble  of  air,  of  stlicicflnoride  of 
Bodlum  and  tablet-shaped,  rhomboidal  and  thorn-sbaped  forms  of  slliciiy 
fluoride  of  calciam  are  notloeabie. 

Fig.  1 9.  A  part  of  a  tblQ  section  of  la&radorOe  coming  from  tbe  gabbro 
of  Wolpersdorf,  which  was  covered  with  a  drop  of  brdro Boost licic  acid 
and  observed  after  drjiog  of  tbe  drop,  magnlfled  to  the  400tb'  power.  Tb« 
same  crystal  forma  as  la  l^g.  18  are  noticeable;  but  the  epindle-shaped 
ciTBtala  of  alllclcfluorlde  of  calcium  are  more  numerous. 

Fig.  lO.  A  thin  section  of  anorUiOe  from  tbe  corsite  from  Cor9ica,whloh 
was  covered  with  a  drop  of  hydrofiuoslllcic  acid  and  after  drying  of  tbe 
drop  observed,  magnifled  to  tbe  400th  power.  The  same  crystal  forms  aa 
in  Fig.  18  and  19  are  Dotlceahle;  but  tbe  sillcicfluorldes  of  calcium  are  moat 
nnmeruuB  aod  the  sllicicfluoride  of  sodium  moat  rare. 

BxplanatiOH  of  PlaU  II. 

Fig.  I.  A  cleavage  fragment  of  albit«  from  Dauphin^.wblch  was  covered 
wltb  a  drop  of  hydrofiuosiliclc  acid  and  observed  after  the  drying  of  the 
drop  when  magnifled  to  400tb  power.  Short  hexagonal  prisms  of  silicic 
fluoride  of  sodium  and  wedge-shaped  etchings  sometimes  arranged  la 
rows  were  noticed. 

Fig.  2.  Fart  of  a  polished  tblo  section  of  leuciie  from  Vesuvius,  which 
was  covered  with  a  drop  of  hydroSuoslllclc  acid  and  observed,  after  dry- 
log  of  the  drop,  magnified  to  tbe  400tb  power.  Many  cubes  of  silicic 
fluoride  of  potassium,  two  hexagons  of  silicic  fluoride  of  sodium  and  ft 
thin  rod  of  silicic  fluoride  of  calcium  were  noticeable,  besides  the  polyg- 
onally  etched  and  creviced  surface  of  tbe  section. 

Fig.  3.  Part  of  a  polished  thin  section  of  elatolite  from  Laurwlg,  In  Nor- 
way, which  was  covered  with  a  drop  of  hydroBuoslllcIc  acid  and  after 
drying  of  the  drop  observed  when  magnifled  to  the  400th  power.  Hex- 
agonal crystals  of  silicic  fluoride  of  sodium,  a  cube  (la  the  centre  of  the 
illustration)  of  silicic  fluoride  of  potassium  are  noticeable,  and  also  the 
coherent  plate,  divided  only  by  coarse  velnlets  of  segregated  silica 
through  which  the  texture  uf  the  elaeoltte  with  its  delicate  parallel  groov- 
Ings  and  its  crossed  cleavage  cracks  appears. 

Fig.  1.  A  thin  section  of  scapoliU  from  Malajo,  in  Wermland,  which 
wascovered  wlthadropofbydrotluoslllcic  acid  and  observed  after  tbe  dry- 
ing of  the  drop,  magalfied  to  tbe  400tb  power.  The  spindle-shaped  crys- 
tal forms  of  silicic  fluoride  of  calcium,  hexagonal  tablets,  often  enclosed 
Inabubbleof  air,  of  silicic  fluoride  of  sodium,  parallel  cleavage  crevices, 
and  between  tbe  tatter  wrinkle-like  etchings  are  observable. 

Fig.  6.  Left  half.  Xtthium  irwi  mica  from  Zlnnwald  which  was  cov- 
ered wltb  a  drop  of  hydroQuosllIcIc  acid  and  observed  after  drying  of  tbe 
drop,  magnifled  100  times.  Many  crystals  similar  to  a  very  blunt  six- 
sided  pyramid,  of  silicic  fluoride  of  lithium,  a  crystal  in  the  centre  of  tha 
figure,  of  silicic  fluoride  of  Iron,  a  few  cubes  of  silicic  fluoride  of  potas- 
sium and  a  single  spindle-shaped  crystal  of  allfclc  fluoride  of  calcium. 

Bight  half.  Potaarium  mica  from  Qreenland,  which,  treated  like  the 
mica  mentioned  above,  shows  besides  two  hexagonal  prisma  of  silicic 
fluoride  of  sodium  and  two  crystals  of  silicic  fluoride  of  iron,  only  crys- 
tals of  silicic  fluoride  of  potassium. 
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Fig.  e.  A  dark-greea  biotiu  whicb  was  treated  In  a  miDDer  analogotu 
tothatofthemlcasginDaboTe  and  observed  wheamagDifled  bo  tbe400Ui 
power:  showed  larger  crystals  and  slender  prisma  of  silicic  Buorlde  of 
magDesinio  and  silicic  fluoride  of  iron  next  to  little  cubes  of  silicic  fluoride 
of  potassium. 

Fig.  7.  A  thin  section  of  ampUbob  from  Luhor  (uear  Hilleschase) 
wblcb  was  coTcred  with  a  drop  of  fardrafluosillcic  acid  and  observed, 
after  the  drjing  of  the  drop,  wben  magalfled  to  tbe  400tb  power.  Larger 
crystals  and  slender  prisms  of  silicic  fluoride  of  magnesium  and  silicic 
fluoride  of  iron,  two  splndle-Uke  crystals  of  sitlcic  fluoride  of  c«lciam,  a 
CQbe  of  silicic  fluoride  of  potassium,  a  hexagon  of  silicic  fluoride  of  sodl- 
om  and  parallel,  slender,  wrinkled  etchings  are  noticeable. 
Fig.  S.  A  thin  »ctlon  of  diaOage  from  the  gabbro  from  Wolperadorf,  which 
was  covered  with  a  drop  of  hydrofluoslllclc  auld  and  after  tbe  drying  of 
the  drop,  observed  magnifled  to  the  400th  power.  Numerous  spindle- 
shaped  crystals  of  siliclcfluorlde  of  calcium,  larger  crystals  of  silicic- 
fluoride  of  magnesium  and  of  iron  and  systems  of  parallel  cleavage  crev- 
ices  running  out  in  three  directions  are  ooticeable. 

Fig.  9.  Fragments  of  bronzUe  from  Graubat  In  Stelermark,  which  were 
covered  with  a  drop  of  hydrofluo  silicic  acid  and  after  drying  of  tbe  drop 
were  examined  when  magnifled  to  the  400th  power.  Large  crystals  of  silicic 
fluoride  of  magnesium,  and  of  silicic  fluoride  of  Iron,  and  the  texturoof 
tbe  bronzlte  fragment  with  parallel  groovlngs  are  noticeable. 

Fig.  10.  A  thin  section  of  dicAnriU  from  Orrliarf vl,  in  Finnlaod,  which 
was  covered  with  a  drop  of  brdrofluoelllcic  acid,  and  after  the  drying  of 
the  drop  examined,  magnlflkjd  to  the400tb  power  Larger  crystals  of 
sillcicfluoride  of  magnesium  and  Irregularly  arranged  wrinkled  etchings 
are  noticeable. 

Fig.  11.  A  thin  section  of  a  grain  of  olivine  from  Eosakov,  treated  In 
thesamemanneras  Is  explained  under  Fig.  2,  but  delineated  in  all  parts 
as  magnified  to  the  400th  power. 

Fig.  12.  A  thin  section  of  olivine  from  Eozakov  (at  Turnau)  which  was 
covered  with  a  drop  of  bydrofluosllldc  acid  and  observed  when  magnifled 
from  the  200lb  to  tbe  800th  power.  Thn  silicic  fluoride  crystals  of  magne- 
sium and  iron  (drawn  when  magnifled  to  the'ZOOth  power)  the  prominent 
pyramidal  wholly  parallel  subiudlvidual  crystals,  which  appear  magnifled 
from  600  to  800  times,  and  the  rhomboidal  etchings  of  tbe  entire  surface 
of  the  sections  are  noticeable. 

Fig.  T3.  The  middle  portion  of  a  diia^liU  crystal  cut  almost  perpen- 
dicular to  tbemain  axis,  treated  with  fluosiltctcacld  and  examined,  magni- 
fled from  200  to  400  times.  Besides  the  central  kernel  with  Its  rhomboidal 
outline  the  dark  gray  cross  and  the  feather-like  brancbings  of  the  coal- 
Ilke  substance  parallel  to  the  lateral  edges  of  the  prism,  one  notices  only 
a  few  colurle.s8  particles  of  the  unchanged  chiastollte,  whll^  the  greafr 
part  of  the  upper  surface  of  tbe  thin  section  presents  a  spotted  or  delicate 
undulatlngly  fibrous  structure  which  in  some  places  along  tbe  edge 
changes  Into  net-like  aggregates  of  parallel  bars.   , 

Fig.  14.  Etchings  upon  lithta  iron  mica  from  ZinnwaJd,  produced  by 
tbe  action  of  hydrofluoric  gas  and  subsequent  boiling  away  in  water,  and 
ropresented  as  magnified  to  the  400th  power. 
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Fig.  16.  A  tbtn  section  of  ekeotite  from  Laurwig  )n  Norway,  treated 
with  chlorine  gaa  and  obserred,  magntfled  to  tbe  400tb  powr.  Cubes  of 
of  cblorlde  of  sodium  wMch  remaio  stick  1  Qg  tn  tbe  remnant  of  gelatlQoua 
allies  (Dot  removed  from  tbe  surface  of  the  tbin  aectlon),  also  ihe  prlam- 
Bbaped  or  long  wrinkled  etchings  parallel  to  tbe  main  axis  of  the  crystala 
aod  two  large  cleavage  clefts  running  perpendicular  to  the  main  axis  are 
Dotlceable. 

Pig.  16.  A  thin  section  of  apatite  from  Scblackenwald  which  was  cut 
parallel  to  the  base,  covered  wltb  a  drop  of  hjdrofluosillcic  acid  and 
observed,  after  the  drjing  of  tbft  drop,  magnified  to  the  600th  power. 
Striatixi  aggregates  of  prismatic  and  aclcular  crystals  are  noticeable  as 
well  aa  uniform,  dark  particles  of  sllicicflnoride  of  calcium,  sometimea 
displaying  an  oblique  angled  cleavage  and  distinct  hexagonal  sublndlvid- 
nalsof  apatite  {P.  OP.),  which  Bometlmesdlsplaya  beautiful  scale-struo- 
tureand  are  parallel  or  alittle  Inclined  to  tbe  main  axis  of  the  crystala. 
Afte*- successive  boilings  in  water,  by  which  the  sUiclctluortde  of  calcium 
le  removed,  the  sublodlvldual  crystals  of  apatite  appear  most  clearly. 

Fig.  IT.  A  thin  section  of  apatite  from  ZInnwald,  cut  parallel  to  the 
prIam  surface,  balled  about  20  seconds  In  aqua  regia  and  observed  when 
magolHed  to  the  800th  power.  Rbomboidal  etchings  of  various  lengths 
and  solitary,  prominent  lateral  edges  of  sublndlvldual  pyramid  crystals. 

Fig.  Iti.  A  tbln  section  of  apatite  from  Scblackenwald  which  was  cut 
parallel  to  tbe  base,  treated  with  chlorine  gas,  covered  wltb  Canada 
balsam,  furnished  wltb  a  cover^lass and  observed  when  msKnlfled  to  the 
400tb  power.  Sbort,  dark  mlcrolitlc  needles  which  cross  each  other  In  a 
borJEontal  position  usually  at  an  angle  of  aboat  60°  and  are  probably  to 
be  regarded  aa  edges  remaining  of  sublndlvldual  crystals,  of  tbe  upper- 
moat  stratum,  furnished  with  long  adherent  bubbles  of  air.  Among 
these,  faint  lateral  outlines  of  the  sublndlvldual  pyramid-crystals  of  the 
next  lower  stratum  are  visible. 

Fig-i.  Ift  and  20.  Tbin  sections  of  apatite  from  Schlachenwald,  cut  paral- 
lel to  the  base,  treated  with  chlorine-gas,  directly  covered,  not  wltb  Canada 
balsam,  but  wltb  tbe  cover  glass,  anit  observed  when  magnified  to  the  400th 
power.  l<oth  pictures  Illustrate  theatructure  of  tbe  apiitite  crystal  from  lit- 
tle, hexagonal  pyramid  crystals  (P,  P.  OP),  crowded  closely  together,  stick- 
ing to  each  other,  and  almost  parallel  to  the  main  axis.  Upon  those  places 
of  the  apatite  tbln  sections,  which  show  do  scale  structure,  the  subindl- 
vldnul  crystals  are  large  and  like  thick  tablets  on  account  of  tbe  prepoo- 
derance  of  the  basal  surfaces  (Fig.  19).  In  tbe  narrow  scale  zones,  on  tbe 
contrary,  tbey  are  small  and  usually  run  out  Into  pyramidal  points.  And 
tbe  boundary  lines  of  tbe  licale  zonee  consist  of  most  extremely  minuts 
pyramidal  crystals  which  are  tolerably  rectilinear  and  closely  crowded 
t'^ether,  as  Is  shown  by  the  two  dark  rows  of  crystals  (boundary  lines  of 
tbe  Hcale  zones]  of  Fig.  2U. 


>vGoot^lc 


„Gooi^le 


Gaol.  Nat.  Hist.  Sur,  MinnesoU,  Rap.  XiX.     Plate  I. 


BORfCKVS  MICRO-CHEMICAL  METHOD. 


;vGoot^lc 


„Gooi^le 


„Godi^le 


Gtol.  Nat.  Hist.  Sur.  Mimasota.  Rep.  XIX,     Plate  II 


BORICKVS  MICRO.CHEMICAL  METHOD. 


:vGoo»^lc 


„Gooi^le 


„Gooi^le 


GB06N0STIC   AND    GEOGRAPHICAI,  OBSERVATIONS 
IN  THE  STATE  OP  MINNESOTA. 


DiqteMwGoOl^le 


„Gooi^le 


STATE  GEOLOGIST. 


GEOGNOSTIC,  AND  GEOGRAPHIC  OBSERVATIONS   IN 
.  .  THE  STATE  OF  MINNESOT^. 


BY   DR.   J.   H.  KLOOS. 


(NoTK;  In  two  former  reports,  the  tenth  and  eleventh,  have  been  given 
iKnalatlODftof  a  pact  of  the  work  of  Mr.  Eloos,  based  on  obaervailons  and 
collectlana  made  by  him  In  Minnesota  before  tbe  beginning  of  t^e  present 
snrvey.  The  following  paper  la  not  given  entire,  but  only  such  addi- 
tional facts  and  discussions  as  are  not  found  to  tbe  former  papers.  In 
tfala  connection  attention  may  be  called  to  the  more  correct  description 
of  the  "Silurian"  strata  at  St.  Paul,  the  record  of  a  well  driven  at  tbe 
Noithern  Pacific  crossing  of  the  BedRlverof  theXorth,  at  Moorhead, 
tbe  petrographlcal  notes  on  the  crystalline  rucks,  and  on  the  slates  at 
Thompson,  and  the  paleontological  remarks  on  the  LIngulEe  at  St.  Crolz 
Falls. 

Mr.  Eloos,  In  a  communication  to  the  translator,  dated  Stuttgart, 
Wfirttemberg,  Sep.  13,  1885,  criticises  the  translation  of  his  remarks  on 
Oioen'B  Bepmiof  a  Geoiogical  Swrixy  of  Wisconsin,  etc.,  (Tenth  report,  p.  175), 
.  Tlz;  "  You  have  remarked  that  laald,  'afaultof  the  work  is  Its  petty 
simplicity,' which,  as  It  seems  tome,  is  notqnltethe  meaning  of  'Bin 
Mangel  des  Werkes  ist  seine  gerlnge  Ueberslctitlichkeit.'  Petty  simplic- 
ity means,  in  the  German  language,  Kleinlidie  EinfsUitilxit,  which  is  not 
rather  flattering  for  an  author,  and  which  not  at  all  expresses  my  opinion 
of  Owen's  work.  On  tbe  contrary  this  work  was  very  valuable,  and  al- 
most grand,  considering  tbe  time  It  was  written,  but  it  contains  too 
much,  and  the  geology  Is  wrapped  up  in  so  many  detailed  topographical 
descriptions  that  it  becomes  difficult  for  a  geologist  of  modern  times  to 
find  his  way  through  tbe  long  pages. 

"I  allow  that  It  Is  very  difUculi  toglve  the  exact  meaning  of  'gerlnge 
neberslcbtUchkelt,'  and  I  am  only  able  to  translate  It  at  somegreat«r 
length,  for  instance:  '  A  fault  of  the  work  is  its  arrangement,  whlcb 
makes  tt  rather  difficult  to  acquire  a  general  view  of  Its  contents.'  I 
would  be  pleased  If  in  a  future  publication  you  could  Snd  an  opportunity 
to  say  something  on  this  subject,  as  I  am  afraid  that  the  American  geol- 
ogists have  felt  hurt  In  reading  my  opinion'  of  Owen's  work."  Tbe  trans- 
lator is  very  gJad  of  the  opportunity  to  correct,  on  the  authority  of  the 
author,  such  an  error  In  tbe  former  translation,  as  It  Involves  tbe  opinion 
beld  by  one  geologist  of  the  work  of  another.] 
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THE   BED   RIVER  OK  THE  NORTH. 

*  *  *  There  are  present  all  the  indications  that  the 
lied  river  of  the  North,  at  some  earlier  time,  yet  geologically 
not  very  far  distant,  has  had  a  southerly  course,  and  emptied 
into  the  Mississippi  through  the  Bois  des  Sioux  river,  lake 
Traverse,  BigiStone  lake  and  the  Minnesota  or  St.  Peter  river. 
The  small  space  of  land  between  these  two  lakes  last  named, 
from  which  the  water  runs  in  opposite  directions,  is  entirely 
flat,  and  rises  but  little  above  the  shore  of  either  lake.  It  hap- 
pens frequently  in  spring,  when  the  mouth  of  the  Nelson  river, 
in  the  far  north,  is  stopped  by  accumulations  of  ice,  that  this 
strip  of  land,  as  well  as  a  large  tract  of  the  prairie  along  the 
western  border  of  the  state,  is  overflowed,  and  that  then  is 
formed  one  extensive  lake, — so  much  so  that  a  flat-bottomed 
steamlwat  was  got  across  the  flooded  water-shed,  from  the  St. 
Peter  river  into  the  Red  river  of  the  North.* 

For  an  explanation  of  the  above-mentioned  change  in  the 
direction  of  a  part  of  the  gathered  waters  of  western  Minne- 
sota, it  is  only  necessary  lo  suppose  a  slight  elevation  of  the 
land  to  the  north,  or  which  is  more  likely,  that  since  the  glacial 
epoch  a  sinking  of  a  few  feet  has  taken  place. 

Corroborative  of  this  hypothesis,  reference  may  be  made 
also  to  all  the  rivers  and  creeks  in  the  northern  part  of  Miu~ 
nesota,  which,  coming  from  the  north,  turn  at  a  sharp  angle 
toward  the  west  and  empty  into  the  Red  river  of  the  North, 
having  rapid  and  impetuous  courses;  while  the  Bois  des  Sioux 
river,  with  a  northerly  course,  is  a  very  slow  flowing  stream. 
The  Red  river  itself  also  flows  slow,  and  numberless  are  the 
curves  and  angles  which  both  these  rivers  describe.  It  is  only 
necessary  here  to  introduce  a  slight  change  in  order  to  give 
the  waters  of  this  very  level  prairie  an  exactly  opposite  course. 
THE  DRIFT   IN  MINNESOTA. 

•  *  *  The  drift  deposits  through  all  their  great  ex- 
tent, in  their  totality,  remain  tolerably  uniform.  This  is  spe 
cially  the  case  with  the  preponderating  clayey  portions,  which 
everywhere  lie  directly  on  the  older  formations,  occupying  the 
lowest  part  of  the  diluvium.  It  exhibits,  in  this  respect,  a  cer- 
tain analogy  to  the  drift-clay  and  marl  of  Germany  (in  upper 
Schleswig.  Pommerania,  &c).  These  clayey  parts  are  not  al- 
ways present,  but  the  sand  and  gerolle,  which  in  normal  order 

alio  attempt  ot  Uapt.  Duvl?.  In  18S9,  which  wbb  notquHe 
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overlie  the  clay,  are  still  more  frequently  ivantiag.  The  clay, 
on  the  other  hand,  often  reaches  a  thickness  of  100  to  120  feet, 
and  in  its  lower  parts  generally  is  of  a  bluish  color,  though  of 
a  yellowish  or  brown  color  in  the  region  of  lake  Superior,  and 
nowhere  contains  organic  remains,  although  very  often  small 
rounded  pieces  of  limestone  and  fragments  of  slat«. 

I  found  everywhere  in  the  western  part  of  the  state,  in  the 
calcareous  clays  which  there  constitute  the  basis  of  the  prairie, 
little  rounded  white  limestone  fragments.  If  these  be  broken 
they  show  within  the  structure  of  a  pure  dolomitic  limestone 
of  a  yellowish  brown  color.  Only  rarely  does  one  see  small 
rounded  fragments  of  granitic  rock,  while  the  limestone  pieces 
always  far  predominate. 

The  clayey  portions,  (by  the  inhabitants  called  'hardpan'  on 
account  of  their  firmness  and  hardness,)  form  the  sub-soil 
throughout  the  prairies  and  the  woodland,  as  well  as  the  gently 
undulating  well-watered  table-lands;  while  the  accumulations 
of  sand  and  gravel  form  a  very  distinct  terrane  with  many 
isolated  rather  high  ridges.  The  gerttUe  of  this  latter  forma- 
tion exhibits  a  great  diversity,  and  besides  Silurian  limestone 
in  more  local  accumulations,  consists  of  the  crystalline  rocks 
and  slates  which  in  tlie  far  north  are  found  outcropping  at  the 
surface.  In  the  sandy,  very  hilly  tracts,  are  also  found  many 
large  erratic  blocks,  which  are  wanting  upon  the  prairies, 
though  they  are  found  in  great  numbers  about  the  fresh  water 
lakes  which  occupy  the  depressions  in  the  sandy  and  stony  di- 
luvium. 

Concerning  the  origin  of  this  clayey  deposit,  with  no  trace  of 
organic  life,  as  yet  no  established  theory  has  been  accepted,  it 
is  very  generally  considered  to  be  the  material  transported  by 
glaciers,  including  with  it  the  sand,  quartz  and  gravel  which  is 
spread  over  it.  But  in  what  way  the  process  was  carried  on, 
by  which  the  fine  clayey  parts  were  separated  from  the  granu- 
lar and  siliceous,  is  not  entirely  understood.  In  the  clayey 
diluvium,  furthermore,  are  those  lakes  the  water  of  which  has 
a  bitter  salt  taste,  and  is  unfit  to  drink.  These  are  in  the 'west- 
ern part  of  the  state,  but  restricted  to  the  characteristically 
prairie  portions.  Here,  and  specially  north  from  the  St.  Peter 
river,  the  surface  of  the  earth  is  rich  in  salts,  and  for  miles  can 
be  seen  a  w^hite,  bitter-tasting  salt-crust,  forming  the  surface, 
while  all  wells,  even  to  a  considerable  depth,  give  bad  water.* 

•This  bod  water  was  largely  due  ta  tUe  useof  pinp  pliiiiks  for  curbing,  theplwhin 
which  wsa  acted  upon  by  the  ulkiillne  snltB  In  the  waters,  and  bus  bopii  firoally  modi- 
fled  sinfe  Ibe  use  ol  pine  for  ourhfng  has  heen  abandoned.— N,  H.  W..  Compm-o  the 
BUtli  A-noual  Bei>ort. 
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'Tbe  above-described  light  motored  dUuvlat  otay  with  amftll 
HiUAStoiie  gravel,  'wbicb  fcfrms  the  sntraoil  of  tiM  wide'praiiiigs 
OD  ttoa  Red  river,  possesses,  to  the  inteiloi:  of  the-AniMioui 
continent^  ^  great  extension;  '  It  is  apparently  idetaticri  tritii 
■the-yellow  marl,  or  "blufl  tormattcm,"  which  "F.V.  Hiyden 
describes  in  his  work  bu  the  geology  of  the  upper  MisaoiMi^uid 

"ttrfaioh  in  several  plaoesbas^florded' the  bones  ottib^nABtoclon 
«ndiriephantaswell  As-landaikl  fresh- water  ^eOs.''  - 

The  extensive  and  ^hiek  beds  of  clay  which  ecflnir  'the  Baro 
nian  EWd  the  lower  Silurian  rooks  trixftat  Idke  Superitw,  are  by 
borne  geolt^sts  considered  M  of  th«  same' Ag^a»  the  ^wve 

-dilnvial  olay  of  tbe'northwastern'^tabss,  for  dxampte;  Winuhell 
in  his  geological  reports.   Others,  howevei\  asoribe  to'th^Hght 

'eolored  non-lanrinated  olsy,  (the  true  "bardpan")  oontiUning 
small  gravel  a  later  data  than  to  <the  dark'red  clays  about  hvke 
Soperior,  which  moro  frequently  show  a  bedded  structure.*'  I 

'have  not  been  able  to  learn  of  any  direct  soperposition  of  one 
over  the  other. 
The  lake  Superior  dilurium  differs  from   "hardpau^"  1;^  its 

■  very  marked  deep  red  color,  ■  and  a  greater  thickness.  I  have 
'Been  cm  the  lower  course  of  the  St  Louis  rivet",  asection  of 
-  this  clay  amountiug-  to- 600  feet.  '  Itsebmsalso  tobecofaiiddtely 

freei  from  stones,  but  exhibits  often  a  plainly  bedded  stm^mre. 
and  changes  often  to  suidy  and  gravelly  beds. 

The  dilavinm  in  southern  Minnesota  has  a  great- thickness. 
Along  the  fooimdary  of  Iowa  the  Silurian'  limestone  is  covered 
only  by  a  few  feet  of  sandy  beds,  and  even  seems  to  afford  a 
region  where  the  drift  is  wanting  entirely,  without  exhibiting 
any  of  the  characteristics  of  its  southern  boundary,  whioh-are 
to  be  found  much  more  evident  in  the  neighborhood  of  the 
•  Ohio  river. 

Yet  in  the  central  part  of  the  state,  by  means  of  wells,  the 
great  thickness  of  this  post-tertiary  deposit  is  known.  From 
a  well  which  was  drilled  a  few  years  ago  on  the  Northern  Pa- 
cific railroad  where  it  crosses  the  Bed  river,  I  obt^ned  the  fol- 
lowing record  of  the  layers  passed  through: 

&■  feet  (English),  black  earth. 

9J  feet  clay  (marl?)  evidently  colored,  with  a  few  limeatrate 
"pebbles. 

10  feet  gravel. 

115  feethardpan,  firm  clay  mixed  'with  coarse  gravel. 

80  feet  white  clay  beds. 

•  Wblltleaey  on  Uie  trosh-wfttorjtlaoUl  drift  of  tjic  northwestern  stBtea. 


>vGoo»^lc 


STATE  aSOLOGIST.  65" 

12  feet  red  coarse  sandstone  (looks  like  the  Potsdam  sand'* 
stone). 

The  river  itself  here  has  out  only  to  the  depth  of  forty-five' 
feet  into  the  surface  of  the  earth,  and  the  shores  attain  no- 
where a  very  much  greater  hight.  It  is  hence  questionable' 
whether  the  whole  thickness  of  260  feet,  of  this  section,  belongs; 
to  the  post-tertjary  formation;  rather  I  should  be  inclined  to 
assign  ib»  deeper  portion  of  it,  and  specially  the  30  feet  of  day- 
beds,  to  the  Gretaceone  formation,  of  the  appeturanoe  of  which 
at  poj&ts  not  very  far  removed  from  this  place,  there  wiU  bos' 
special  description  later.     *        ♦        •        ». 

THE  LOWER  SILtjRIAN  ON  THE  UPPER  MISSISSIPPI. 

»"•"■•  •  »  •  «  »  » 

I  shall  have  opportunity  later  to  return  to  the  lower  aand; 
stone,  in  giving  a  special  description  of  the  beds  on  the  Sit,. 
Orotx  river.  Owen  has  called  it  the  "  lower  Silurian  sandstone, 
of  the  upper  Mississippi,"distingui6hing  the  dolomite  as  "lower 
magnesian  limestone."  The  characteristic  fossils  of  Jihe  sand- 
stone are  trilobites,  belon^ng  to  the  genera  Dikelocephatua  and 
Oonocephalus,  also  bivalves,  Lingula  and  Obolus,  which  in  the 
vicinity  of  Taylor's  Falls  completely  flU  whole  layers.  In  the 
crumbling  sandstones  of  Minnesota  it  is  difficult  to  find  detptH 
minable  fragments  of  trilobites.  Relying  on  observation^  In 
Wisconsin,  Ow@n  distinguishes  six  triloljite-layers,  which  are 
separated  from  each  other  by  layers  from  ten  to  a  hundred  .&nd, 
fifty  feet  in  thickness,  of  the  existence  of  which,  however,  Ha^, 
still  later,  expresses  doubt.  In  tl>e  juagneslan  limestone,  up  to- 
the  present  time,  have  been  found  only  insignificant,  scarcely, 
recognizable  traces  of  fossils.  They  are  small  LinguUe,  ^toi^^ 
forms  of  univalves,  which  are  the  modified  remains  of  Etntm- 
pJuiiua  E^nd  Ophiteta,  and  fragments  of  trilobites  similar  to  those 
in  the  sandstone,  The  geological  horizon  of  th^  lower  dplpr 
Ufit^  must  therefore  be  reckoned  to  fall  in  the  time  between,  the 
Potsdam  sandstone  and  the  strata  of  the  Trenton. 

The  city  of  St  Paul  is,  in  general  terms,  built  on  two  ter-. 
races,  of  which  the  lower  consists  of  the  St.  Peter  sandsloiM,i 
which  is.  covered  and  protected  by  limestone  layers  but  a  few, 
feet  thick..  The  upper  terrace  is  formed  by  the  upper  partod! 
the  Trenton,  and  upon  that  lies  the  drift.  A  l<mg'exteDdfi4i 
series  of  .hill^,  opmposad.  of  heavy  drift,  very  largely  made  .np. 
of'  liquestone  fragments,  surrounds  the  city  on  the  nerUi,  this. 
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vesi  and  the  northwest,  while  toward  the  south  and  the  south 
west  the  terraces  descend  abruptly.  Prom  the  present  river 
channel  these  are  separated  by  a  tract  of  low,  principally  over- 
flowed land.  The  lower  limestone  layers  which  are  often 
broken  and  removed  from  their  original  position,  contain  nu- 
merously the  fossil  Strophomena  dllernata,  of  Conrad.  The 
valves  of  this  large  shell  are,  as  in  the  Cincinnati  limestone, 
chiefly  accumulated  in  certain  beds,  and  cover  the  surfaces  of 
the  layers  in  hundreds.  These  are  the  "ProductV  which  W.  H. 
Keating,  the  geologist  and  bistoriographer  of  Long's  expedi- 
tion in  1823,  mentions  at  Port  Snelling. 

There  are  also  in  these  lowest  beds  of  the  Trenton  limestone. 
Ctenodonta  xaxuta  Hall,  agreeing  with  the  flgnres  in  Dana's 
Geclogy  of  1864  as  well  as  in  the  geological  report  of  Canada 
(in  French)  published  in  1864,  page  187,  fig.  166;  BelUrophon 
hilobatns  Sow.  (J.  Hall  in  Palaeontology  of  N.  Y.,  vol  i,  pi.  40, 
fig.  3),  and  a  little  crustacean,  apparently  Z^perditui  fabuiiieti- 
Further  up  the  river,  at  Minneapolis,  1  gathered  from  this 
same  limestone, 

MuTcMsonia  bicincia   Hall,  Pal.  N.  Y.,  pi,  38,  fig,  5. 

Pleurotomuria  lenticularia  Conrad,  N.  Y.,  pi.  37,  fig.  6. 

Subulit€8  elongata  Conrad,  N.  Y.,  pi.  89,  fig.  5.  and  Geol. 
Rep.  of  Canada.  (French),  1864,  p.  194,  fig.  179. 

Orthoccras  juncium  Hall. 

Orthis  tricenaria  Conrad  (also  at  St  Paul),  Geol.  Rep.  of 
Canada,  (French),  1864,  p.  176,  fig.  161. 

Unfortunately  the  fossils  that  occur  in  the  very  hard  rock 
appear  only  as  casts,  and  I  was  obliged  to  undertake  the 
examination  with  only  such,  excepting  in  the  case  of  iSropA- 
omena  altemata. 

At  the  foot  of  the  above-mentioned  upper  terrace,  in  the 
midst  of  the  city,  are  the  stone  quarries  which  supply  building 
material  for  St.  Paul  as  well  as  for  several  other  cities  on  the 
upper  Mississippi.  In  these  quarries  the  successive  strata  of 
the  dolomitic  limestone  are  disclosed  to  the  depth  of  thirty  or 
thirty-five  feet.  Here  are  firm  horizontal  layers  of  a  bluish 
color,  spotted  here  and  there  with  darker,  and  appearing  to  be 
penetrated  by  evident  calcite.  Fossils  are  rare  in  this  middle 
portion  of  the  Trenton,  with  the  exception  of  impressions  of 
fucoids  (Bw(Ao(re;)7iis)  which  I  saw  on  several  of  the  layers.  The 
impressions  agree  best  with  the  figures  of  Butkotrephis{Licr(yphy 
cas)  Bill,  suceulena  Owen,  in  Dana's  Geology,  and  in  Hall's  Pal. 
of  New  York,  vol  i.  pi.  22,  fig.  2a.     Several  larger  forms  might 
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answer  for  Fahnophycus  rugosas;  Owen  thought  these  were  too 
bfutly  preserved  to  permit  an  exact  determinatioo.  Besides 
these  plant-remains  I  found,  in  my  frequent  visits  to  these 
quaiTies,  only  impressions  of  Orthin  tricenaria,  Pleurotomaria 
and  a  species  of  Lingula. 

Above  the  blue  limestone  follow  five  or  six  feet  of  clayey  and 
marly  beds  of  a  dirty-yellow  color  with  many,  though  poorly 
preserved  remains  of  fossils.  Slrophomena  is  again  of  frequent 
occurrence,  as  well  as  Orthis  tricenaria  and  a  species  of  Murclii- 
mnia.  In  color  and  composition  these  marly  beds  are  hardly 
distinguishable  from  the  lowest  beds,  which  lie  directly  on  the 
sandstone.  The  highest  beds  of  the  Trenton  group  appear  in 
some  of  the  bluffs  of  the  streets  in  the  higher  parts  of  the  city, 
lying  directly  under  sixty  to  seventy  feet  of  gravel  and  sand. 
These  streets  at  the  time  of  my  residence  there  had  been  but 
little  worked.  These  beds  are  very  rich  in  organic  remains, 
especially  if  the  forms  that  are  not  very  different  could  be 
known.  Thin  plates  of  dense  crystalline  limestone  alternate 
with  the  marl  beds  which  crumble  down  in  the  air,  the  latter 
being  of  a  dirty-blue  color.  The  entire  slope  was  covered  with 
disintegrated  shale,  in  the  midst  of  which  were  scattered  thin 
limestone  slabs  of  evident  crystalline  structure,  which  swarmed 
with  beautiful  coral-like  bryozoa  and  small  brachiopods.  The 
most  beautiful,  most  delicate  forms  of  the  palaeozoic  sea  lie  here 
in  numberless  specimens  loose  in  the  clay,  or  without  any  diffi- 
culty separable  from  the  surface  of  the  rock  at  the  limestonequar- 
ries.  Bryozoa,  erinoid  stems,  head  and  tail  shields  of  trilobites, 
with  little  Rhynchonellas,  Terebratulas,  Leptfena,  Orthis  and 
several  gasteropods  form  the  fauna. 

The  same  fossils  are  found  on  the  opposite  hank  of  the  Mis- 
sissippi; only  the  bank  is  entirely  wooded,  and  the  higher  beds 
are  not  exposed.  But  fossils  can  be  gathered  along  the  foot  of 
the  lower  bank,  where  every  rainstorm  washes  them  down  the 
numerous  little  gutters  on  the  bluff.  On  both  banks  I  have 
found  the  following  named  species  common. 

Sterutpora  (CluHetee)  fibrosa  Gold.  spec. 

ChcEtetea  lycoperdon  S&y. 

These  bryozoa  are  represented  as  Caktmopora  in  GoldfuBs' 
Petrefakta  Oerm,  plate  64,  figs.  9  and  10.  Hall,  in  Pal.  N.  Y. 
vol.  i,  plate  24,  fig.  1,  considers  the  branched  form  {Ch.  fibrosa) 
and  the  hemispherical  form  (Ch.  lycoperdon)  as  belonging  to  the 
same  species,  which  opinion  I  can  confirm  by  the  specimens 
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gathered  at  St.  Paul.  The  cell- structure  in  them  is  exactly  the 
same,  and  transitions  from  both  (orms  are  quite  comoion. 

Petraia  {StTeptelasTTia)  comicutum  Hall, (Pal.  N.  Y.pl.  25,  fig.  1). 

RhynchonHla  recurviroetra  Hall,  (Pal.  N.  Y.  pi.  38,  fig.  5). 

HhyTichonella  increbescens  Hall,  (capax  Cod,,  Pal.  N.  Y.  pi.  3it, 
fig.  13,  a,  b,  c,  d,  p,  r,  s).  Geol.  Rep.  of  Canada,  French,  pub- 
lished in  1864.  fig.  153. 

This  is  the  most  common  brachiopud  in  the  upper  strata. 
The  very  distended  varieties  of  this  species,  which  are  so  com- 
mon at  Cincinnati  and  other  localities  of  the  Trenton.  I  have  not 
yet  been  able  to  find — nor  Orfkis  lynx,  their  constant  companion 
in  Ohio. 

Strophomena  deltoidea  Con..  (Hall,  Pal.  N.  Y.  I.  pi.  31,  fig.  3). 

Stropbomena  sericea  Sow., (Hall,  Pal.  N.  Y.  pi.  31.  B.  2). 

Orthis  testudinaria  Dalm,  (Geol.  Bep.  of  Canada,  French, 
published  in  1864,  p.  175,  fig.  144). 

Ohonetes  lata. 

SchizoannuB  nodoma  Hall,  (Pal.  of  N.  Y.  I,  pi.  27).  Stem 
joints  in  great  numbers. 

Leperditia,  spec.? 

Ptilodictya,  spea  ? 

Oalymene  aeaaria  Con.  (blamenbachii ). 

lUaenua     Asaphus  and  Phacops,     Head  and  caudal  shields. 

The  remains  of  trilobltes  are  comparatively  rare;  bat  tiiere 
are  present  numerous  specimens  of  Cktiymena  eenaria,  though 
not  nearly  so  many  as  at  Cincinnati. 

These  fossils  have  all  been  collected  by  Logan  from  the 
Trenton  beds  in  Canada,  and  by  Hall  from  beds  of  the  same  age 
in  New  York.  They  are  also  well  known,  for,  the  most  part, 
from  the  Llandeilo  flags  of  England. 

Hall  remarks  that  on  the  upper  Mississippi  and  at  the  Falls 
of  St  Anthony,  the  lower  part  of  the  Trenton  group  as  it  is  de- 
veloped in  the  eastern  part  of  the  United  States,  the  Birdseye, 
Black  River  and  the  Trenton  limestone  proper,  can  also  be  dis- 
tinguished. 

So  far  as  Minnesota  is  concerned,  this  must  be  wholly  erro- 
neous, and  it  would  be  difficult  to  distinguish  in  the  upper  mag- 
nesian  limestone  three  parts  that  are  palseontologically  and 
petrographtcally  distinct.  The  fossils  t»ken  together  point  to 
the  level  of  the  proper  Trenton  limestone,  and  some  extend 
much  higher  in  the  Hudson  River  group,  though  they  are  not 
found  in  the  lower  beds  in  the  eastern  states.  While  the  tiiiok- 
ness  of  the  Trenton  group  in  New  York  is  said  to  avera^  about 


>vGoo»^lc 


STATE  GEOLOQIST.  89 

300  feet,  that  of  the  limestoae  beds,  with  alternating  sheets  of 
shale,  lying  above  the  St.  Peter  sandstone,  at  different  points 
in  Minnesota,  amounts  only  to  25  to  50  feei>. 

Of  the  Lower  Silnritui  strata  of  the  eastern  states,  only  the 
Potsdam  sandstone  and  the  Trenton  limestone  have  been  iden- 
tified on  the  upper  Mississippi  with  certainty.  The  intervening 
formations,  which  in  the  east  are  predominatingly  limy  (.Cal- 
ciferous  sandstone,  Chazy.Birdseye  and  Black  Kiver  limestone) 
are  represented  in  Minnesota  by  the  lower  dolomitio  limestone 
and  the  St.  Peter  sandstone,  from  the  former  of  which,  as  yet, 
only  donbtful  remains  of  gasteropods  and  of  trilobit«s  have  been 
obtained,  while  the  sandstone  is  entirely  destitute  of  fossils. 

In  the  eastern  part  of  St.  Paul,  the  horizontal  limestone  beds 
are  suddenly  broken  off,  white  the  sandrock  is  entirely  washed 
out.  An  interval  extending  up  to  the  next  range  of  bluff  (Day- 
ton's Bluff)  about  a  quarter  of  amile,  is  filled  with  immense  heaps 
of  debris.  It  is  a  mixture  of  sand  and  limestone  gerOUe  which  has 
been  shattered  and  cut  through  by  running  water.  On  the 
other  side  of  the  Mississippi  also  the  same  formation  is  found 
extending  oat  to  the  Bilarian  bluffs.  To  j  ndge  from  the  amount- 
and  the  mixed  nature  of  this  gerolle,  the  waters  from  the  upper 
plains  adjoining  the  town  must,  in  former  times,  have  gathered 
tnmnltuoasly  into  this  valley;  and  this  extension  to  the  farther 
shore  of  the  river  certainly  cannot  be  assigned  to  a  date  before 
the  Mississippi  had  acquired  its  channel  through  the  Silnrian 
strata.  Through  the  thickest  part  of  this  mass  flow  still  two 
creeks,  with  a  strong  current,  viz.,  Phalen's  creek  and  Trout 
brook.  Along  the  former  passes  the  Lake  Superior  railroad, 
in  order  to  reach  the  level  of  the  sarrounding  country,  while 
the  St  Paul  and  Pacific  road,  coming  from  the  west,  found  its 
only  approach  to  the  capital  through  the  valley  of  Trout  brook, 
and  is  compelled  to  describe  a  great  curve  in  reEKhing  its  depot 
on  the  bulk  of  the  river.  This  is  likewise  the  only  route  which 
the  great  Northern  Pacific  road  had  to  take  in  order  to  connect 
with  the  lines  to  Chicago  and  New  York,  which,  during  the 
winter  months,  constitute  its  only  means  of  communication  with 
the  east. 


The  ArchjCAn  formation  on  the  Upper  Mississippi. 


The  massive  crystalline  rocks  of  the  upper  Mississippi  and 
Sauk  river  show  a  great  slmilEirity  in  their  composition.     In  the 
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first  place  are  the  syeQitic  i;raiiites(  micaceous  amphibole-gran- 
ites*)  which  form  sometimes  long,  roanded.  gently  ascending 
ridges,  and  sometimes  low  rock-crags.  In  t^ese  rocks  a  bluish- 
white  translacent  feldspar  (orthoclase)  is  abundant,  which  lends 
to  the  rock  a  bluish  color.  The  hornblende  is  of  a  dark-green 
color,  and  appears  in  irregularly  outlined  shapes.  On  the  bor- 
ders these  are  covered  with  mica  scales,  which  sometime£  sor- 
roiind  the  hornblendes,  and  sometimes  stand  out  from  them. 
The  mica  appears  most  generally  not  as  an  original  ingredient 
Quartz,  in  very  small  grains,  is  apparent  everywhere.  Pl^io- 
clase,  also  is  not  wanting.  In  short  intervals,  between  the 
heavily  wooded  rangeB  of  hilts  that  contain  these  rocks,  rocky 
knobs  jut  out  in  the  swampy  meadows,  which  consist  of  syenite. 
The  feldspEU-  is  reddish  orthoclase,  with  more  hornblende 
Quartz  and  mica  are  sparingly  present.  The  latter  always 
stands  in  close  association  with  the  hornblende. 

A  very  beautiful  syenite  granite  forms  the  reef  at  the  mouth 
of  Sauk  river,  which  here  gives  rise  to  the  so-called  Sauk 
rapids.  It  is  a  variegated  rock  in  which  sometimes  a  blue  uid 
sometimes  a  red  color  prevails.  It  contains  everywhere  two 
kinds  of  feldspar — besides  red  and  blue  orthoclase,  a  consider- 
able quantity  of  greenish  plagioclase  showing  evident  striation; 
black  hornblende,  a  little  mica  and  quartz.  The  hornblende  is 
sometimes  in  separate  masses  as  large  as  a  toot  in  diameter. 

Three  small  parallel  dykes  of  a  dark,  fine-grained  rock  pass 
perpendicular  through  the  syenite,  with  sharp  outlines,  and 
also  can  be  followed  on  the  opposite  shore.  But  here,  singu- 
larly, the  adjoining  rock  is  not  syenite  but  a  very  hard  granite- 
porphyry  with  large  crystals  of  feldspar,  the  relation  of  which 
to  the  syenite  it  was  not  possible  further  to  discover.  Under 
the  loup  the  ground-mass  of  the  dark  dyke-rock  resolves  itself 
into  a  mixture  of  a  feldspar  and  an  augitic  mineral.  Very 
beautifully  and  finely  striated  feldspar-plates  are  distributed 
porphyriiically.  The  microscopic  and  chemical  examination 
of  this  rock  has  placed  its  relationship  with  the  melaphyrsf. 

*H.  KoMnbuw-h.  OnamnttlerwIa.]nt]ifXeUMhrtftd.d.aeKtl.XXVin  Bd..  S  n«rt. 
S.  370  u.  Wl. 

t  In  Lconhord'a  JofirbucA,  1BT7,  parts  1.  2  and  3,  arescttorthtbeoompliile  mloioarophi 
and  cheinloal  cbarautersof  ihfl  muelve  crrsMlllne  roakg  whlahl  broafclit  from  Hin- 
neaota,  whose  iDTestiKatlon  my  eBteomed  Uaober,  Prof.  Strong,  of  OleBBen,  had  the 
goodneai  to  undertuke,  Fome  yean  ago;  and  In  connection  with  the  si 
ouBsed  the  KCoLogloal  relatlmin  60  fai 
reaaon  I  here  add  nothing  furthero 
Uthreport-N.  H.  W]. 
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Six  miles  further  north,  at  the  little  town  or  Watab,  (for- 
merly a  well-known  point  for  trade  with  the  Indians,)  still 
another  rock  appears.  The  ridges  here  become  higher  and 
more  conspicuous,  but  at  the  same  time  more  he.avily  wooded 
and  the  rock  outcrops  less  evident.  The  rock  samples  brought 
from  Watab  consist  of  quartz  and  augite  dloryte  along  with 
syenite -granite  and  several  varieties  of  hornbleudless  granite. 
Unfortunately  the  outcrops  here  are  too  few  to  make  it  possible 
to  come  to  a  conclusion  as  to  the  structural  relations  of  these 
rocks  with  each  other.  On  the  spot  one  can  only  come  to  the 
conclusion  that  the  granitic  rocks  outcrop  as  dykes  in  the 
quartz-dioryte,  and  that  there  is  a  greater  extent  of  the  latter 
than  of  the  former. 

A  fine-grained  rock  from  Watab,  which  is  not  treated  of  in' 
the  work  in  Leonhard's  Jahrbuch,  referred  to  on  page  22,  is 
abundantly  pierced  by  blades  of  feldspar,  and,  even  under  the 
loup,  shows  mucb  colorless  feldspar  and  dull  quartz  along  with 
a  dark  mineral  (hornblende?)  and  a  little  tombac-brown  mica, 
gave  the  following  microscopic  characters:  In  a  clear  ground- 
mass,  clouded  only  in  spots  here  and  there,  lie  the  forms  of 
green  and  bro(m  crystals.  Both  are  strongly  pleochroic;  the 
green  become  grass  to  yellowish-green,  and  show  little  absorp- 
tion; the  brown  play  from  dark  brown  to  light  yellowish-brown, 
with  strong  tight  absorption.     The  regular  six-sided  sections 
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of  the  latter  mineral  remaia,  at  crossed  Niools,  compldtelj 
dark.  The  rectangular  diagoQal  sectiona  polarize  brightly, 
and  exhibit  A  lameUar  structore.  The  green  mineral  has  the 
cleavage  of  h,omblende,  the  brown  is  mica.  Hornblende  and 
mica  are  often  iDter<^angeable.  which  appears  here  very  evi- 
dent by  tiie  difiereace  of  color. 

Gienerally  the  mica  lies  about  the  margins  of  the  hornblende, 
and  sarronnds  it  more  or  lass  regularly.  In  one  case  was  to  be 
seen  a  very  beautiful  interchange  between  hornblende  and  mica 
through  a  space  of  0.  8  °"°  by  0.  3  """  as  exhibited  in  the  forego- 
ing figure.  By  measuring  the  angles,  and  noting  the  posifion- 
of  the  line  of  extension  it  was  possible  to  determine  that  the 
principal  axis  of  the  mica  forms  an  angle  of  about  S3  degrees 
with  axis  C  of  the  hornblende.. 

In  polarized  light  the  clear  groundmass  is  resdlved  into  in- 
dividual grains  of  feldspar  and  quartz,  the  latter  polaiisiDg 
brightly  and  forming  the  cementing  matepial  between  tbe 
feldspars.  The  latter  are  mostly  twinned,  sometimes  oloiidad 
and  sometimes  not;  some  of  them  striated,  othersnot.  Often,, 
of  two  or  three  individuals  staitding  in  the  position'  of  twins. 
one  showB  a  striation  and  the  others  polarize  singly  or  as  units. , 
Orthoolase  is  decidedly  predominant.  Quartz  and  odnUiDfllaaQ^ 
are  filled  with  long  needle-shaped  microlites  vhiobartt  alton 
gather  colorless  and  pellucid;  and  have  the  aspect  at  apatite 
These  needles,  whose  abundance  is  remarkable,  penetrate  also 
the  hornblende  and  the  mioa.  They  show,  under  higher  power 
of  magnifying,  evident  polarization,  are  very  often  fractured, 
and  for  the  most  part  are  feebly  bound  together. 

The  rock  is  cut  by  feldspathic  veins,  which  consist  prevul- 
ilgly  of  clouded  orthoclase  although  scattered  jda^rioclase  and 
irregular  outlined  grains  of  quartz  also  are  visible.  It  is  re- 
markable that  here  the  apatite  needles  are  wanting.  Moreover 
the  microscopic  field  furnished  also  some  scattered  minute  red- 
dish-brown clouded  sections  which  are  doubly  refracting  and 
may  be  titanite.  There  is  a  sprinkling  also  of  pyrite. 
-This  rock  is  accordingly  a  very  finegrained  magnesia-mica 
amphibole-granite,  with  more  hornblende  than  the  other 
granitic  rocks  of  the  upper  Mississippi  possess. 

At  Watab  there  are  also  melaphyrs  which  may  sustain  the  same 
relation  to  thesyeuite-graniteas  at  Sauk  Kapids.  Only  here  the 
formation  is  difficult  to  investigate,  and  the  heavy  forest,  which 
afforded  only  isolated  exposed  points  for  observation,  made  it 
impossible  in  the  limited  time  which  I  could  devote  to  this 
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point,  to-ddtermine  oertainlp  a  dyke  like  maimer  of  outcrop, 
sochas'js:  plainly  Bxposed  at' Sauk  Rapids.  The  melapliyrs' 
brought  from  Watab  are  very-hard  iaA  compact,  under  the 
'loup  of  an  entirely  f elsitic  aspeet;  and  the  microscope  has 
already  revealed  In  them  atricliBic  feldspar,  a  greenish,  some- 
what obanged  auglte  and  magnetiteL  * 

North  from  Watab  the  banks  of  the  Mississippi,  for  a  dis- 
itaacebf  twenty  miles,  furnish,  again,  no  outcrop  of  rock.  At  the 
village  of  Little  Falls,  iriiichis  twenty-seven  miles  distant  from 
ihe  tnoutb  of  the  Sauk  river,  Idie  stream  takes  its  -wa^  through 
a  wide  none  of  mica  schists  and' crystalline  clay  slates,  which 
•are  developed  to  some  extent  a^  a  good  roofing-slate.  The  dip 
■at  the  outcropping  layers  is  toward  the  northwest,  from  65"  to 
72°  while  the  slates  have  a  dip  in  the'opposite  direction  from 
70"%o80''.t  ■      '■ 

'  The'  rock  overlying  the  schists  oonsisteof  roofing-slates, 
that  underlying-  is  the  mica  schist  next  to  be  described:  Be- 
tween these  lie  micaceous  oiay-slates.  iDasnra^  as  the  schists 
which  pr&VMl  from'  this  plaoe  southward  ly ,  on  account  of  the  fine 
'diatvibation  of  the  niica  scales,  have  the  aspect  of  a  fine- gtr^iied 
gray  gneiss,  and  it  was  of  great  importance,  on  account  of  its  re- 
semblanee  to  another  Arehtean  rock/todetermine  the  presence 
or  the  absence  of  this  kind  of  rockonthe'Missiasippi."Ihadtwo 
slides  <made  of  the  mica  schist,  one  parallel  witb  and  the  otiwr 
'perpendicular  to  the  schistose  structure.  Under  tiie  micro- 
scope  the  predominaDt  mica  scales  appeeur,  in  the  former  slide, 
in  a  colorless,' peltuoid  groundmass,  having  six-sided  ondines 
'and  a  dark  brown  color.  They  remain  dark  at  crossed  Niools; 
while  the  irregularly  four-sided  and  the  rectangular,  long, 
diagonal  sections  exhibit  a  lighter  color,  a  strong  pleochroism 
and  an  evident  lamellar  arrangement.  In  the  second  slide  the 
long,  stnated  sections  of  the  mica  lie  in  a  more  or  less  parallel 
position,  and  between  them  are  visible  still  a  much  greater 
number  of  T^edge-shaped  mica  blades  which,  on  account  of  their 
'  minuteness,  appear  colorless  and  do  not  afford  any  means  of  de- 
tecting any  pleochroism.  There  are,  however,  also  some  blades 
which,  parallel  to  OP,  remain  dark  at  crossed  Nieols. 

In  polarized  light,  and  especially  at  crossed  Niools,  the 
-ground  mass  is  resolved  into  clear,  regular  polyhedrons  of 

■Eleventb  annual  report,  page  SO,— N.  il.  W. 
tT^edlpottbenlaMB  Is  given  by  Oweni 
bedding  lloea  were  nevertlieleis  plH[nly  U. 
pBirallel  bands  of  milk  white  quartz. 
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quartz,  those  of  the  same  size  ranked  together.  The  appear- 
ance is  much  like  that  of  a  mosaic,  and  it  is  very  interesting 
that  in  this  respect  both  slides  perfectly  exhibit  this  structure. 
Hence  it  is  very  plainly  demonstrated  that  the  schistosity  is 
dependent  entirely  on  the  position  of  the  mica  scales. 

The  quarts  is  relatively  poor  in  cavities,  though  with  a  power 
475  diameters  I  could  distinguish  some  isolated  fluid-cavities 
with  moving  bubbles. 

Besides  quartz  and  mica,  the  microscope  brought  to  light  in 
this  schist  only  some  grains  of  magnetite^  of  feldspar  no  trace 
can  be  distinguished,  nor  of  apatite.  The  absence  of  feldspar 
shows  that  here  we  have  to  do  with  a  genuine  mica-schist, 
though  this  rock  has  formerly  been  conceived  by  me  to  be  a 
gneiss,  and  has  been  so  noticed.*  The  great  roll  which  gneiss 
plays  in  the  Archiean' formation  in  America  as  well  as  in  Earope. 
makes  the  absence  of  it  on  the  upper  Mississippi  very  remark- 
able, and  warrants  the  opinion  that  it  will  still  be  found  under 
the  drift  deposits. 

Tn  connection  with  this  very  evidently  bedded  mica-schist,  at 
the  place  last  mentioned,  appear  some  diallage-diorytes,  form- 
eriy  described,  which  in  the  work  referred  to,  were  designated 
augite-diorytes. 

South  from  the  village  the  dioryte  rises  in  the  midst  of  the 
river-bluff,  in  low.  broken  cliffs,  at  the  foot  of  which  a  stream 
has  its  entrancp.  Further  up  this  stream  also  diorytes  are 
again  met  with  in  the  bed  of  the  creek.  These  also  contain 
diallage  and  are  very  fine-grained.  The  two  places  where  these 
rocks  outcrop  are  separated  by  low  swampy  ground,  but  are 
distant  from  each  other  only  a  few  hundred  paces,  wherefore  a 
continuation  ia  probable  without  any  intervening  schist.  Purth- 
ermore,  in  both  these  rocks,  in  hand-samples,  it  is  possible  to 
observe  transitions  in  which  the  characteristic  crystals  of  dial- 
lage appear  surrounded  by  an  outer  band  of  hornblende. 

Inter-stratified  with  the  crystalline  micaceous  clay  slates,  are 
small  lenticular  masses  of  a  granular  homblendic  rock,  which, 
both  by  its  chemical  and  its  microscopic  characters,  is  found  to 
be  a  quartz  dioryte.  These  lie  parallel  to  the  schistose  struc- 
ture, which  conforms  to  their  contour,  measure  from  a  few 
inches  to  over  two  feet,  and  have,  especially  about  their  mar- 
gins, great  numbers  of  little  garnets;  while  the  inside  is  a 
cavity  whose  walls  are  often  lined  by  quartz  crystals.f 

•Sdo  LouiiliHrd'ij  Jahrbucli,  1H77,  p.  30.  '>"  tbt  cnpnatltne  roefai  of  3ffnii«iKi<ti  (n  SatV 
,<ni«i-fea.byA.RtrcnKundJ.  n.  Kloos.  AlsocompareHmEleveiilliropott,  p.  SI.— S-H-W- 

tOn  ifte  crHBlTlHiw  nicAs  0/ MInnaioia.  bj  A.  Slreug  BudJ.  H.  Kloiia.  Leonhanl's  Jabr. 
Iiuch,  1877.  p.  30.    (.'iinipBru  hIso  tlic  Eleveiitb  nnniiHl  report,  p.  SI. 
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North  from  Little  Palls,  the  rocky  strata  disappear  again 
under  the  sandy  prairie;  soon  the  river  banks  become  completely 
wooded  and  afford  nothing  of  geological  interest  Rocky  oat- 
crops  are  first  seen  again  at  the  falls  of  Pokegama,  ninety 
n^iles  farther  north.  Here  are  beds  of  granular  sandstone,  or 
quartzyte,  the  age  of  which  has  not  yet  been  determined. 

THE  CRYSTALLINE  ROCKS  OF  THE  SAUK  VALLEY. 

The  Sauk  river,  which  has  already  often  been  mentioned, 
cuts  from  east  to  west  through  the  belt  of  crystalline  rocks,  of 
which  we  have  already  ascertained  the  foregoing  tacts,  and 
and  which  outcrop  at  its  mouth.  Westward  from  the  Missis- 
sippi, the  first  rock-exposure  is  at  a  distance  of  three  and  a  half 
miles.  Here  are  again  low  knobs  of  a  red  granite,  having  mag- 
nesia-mica and  amphibole.  Thence  for  twenty-five  miles  are 
long  ridges  of  granitic  rocks,  heavily  wooded.  The  interven- 
ing valleys  are  filled  with  drift,  which  has  given  origin  to  a 
series  of  ridges  that  rise  from  the  sandy  prairie.  The  most 
favorable  exposures  are  at  the  villages  of  Rockville,  where  a 
very  coarse-grained  granite  has  wide  estent,  and  Cold  Spring, 
where  in  company  with  this  is  found  a  fine-grained  porphyritic 
variety.  The  coarse-grained  granite,  different  from  any  out- 
cropping on  the  Mississippi,  constitutes  the  prevailing  rock  at  ' 
Richmond,  where  it  is  seen  not  to  cease  but  to  extend  over  the 
surrounding  country,  outcropping  in  the  creeks  and  through  a 
coarse  debris  which  consists  of  ortboclase  crystals,  fragments 
of  quartz  and  disintegrated  mica.  At  Richmond  is  found  again 
a  dark,  fine-grained  augite-dioryte,  of  which  the  chemical  com- 
position, microscopic  characters  and  relative  position  in  the 
rocks  have  already  been  published  in  the  work  referred  to.* 

These  rocks  cannot  be  followed  further  west  than  Richmond- 
This  village  is  situated  at  the  border  of  the  western  prairies 
which  the  eye  cannot  span,  w^ere  all  geological  investigations 
have  to  cease.  Only  at  one  point,  near  the  village  of  Sauk 
Centre,  forty-three  miles  west  from  the  Mississippi,  is  there  an 
upward  swell  or  undulation,  of  the  roak  through  the  covering  of 
earth.  Here  is  alow  ridge  of  crystalline  rocks.  A  little  quarry, 
opened  by  the  German  farmers  for  the  purpose  of  getting  stone 
for  the  foundations  of  their  houses,  has  disclosed  two  different 
rocks;  one  a  granite  which  for  the  first  time  exhibits  a  some- 
what gneissic  structure,  and  the  other  a  quartz-dioryte.     The 

also.see  luy  paper  In  yfUluian'a  Journal. 
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Tvfaole  oatorop  is  cmly  sixty  to  seventy  feet  wide,  and  disappears 
in  all  directiooB  asder  the  grassy  pluD. 

There  is  no  doubt  that  ttie  {crystalline  rocks  of  the  Mis8iBsi{q>i 
and  tiie  Sank  river  belong  to  the  Laurentian'  formation,  and 
that  the  above '  described  onterops  form  only  isolated  pointa.  of 
observaticai  in  a  vide  ^t  c^  that  formation  whioh  passes 
through  Minnesota  from  north  to  south.  The  connection  with 
tbe  more  extensive  outcrops  of  Laurentian  rocks  in  the  north- 
em  part  of  the  state  is,  nevertheless,  as  yet,  only  conjecture, 
and  so  it  will  remain,  indeed,  for  a  long  time  to  come.  Whether 
l^e  crystalline  schists  at  Little  Ffdls  should  in  like  manner  be 
planM  in  the  Laurentian,  or  be  considered  to  represent  the 
Hurontan,  must  likewise  remain  at  present  undecided.  From 
the  Laurentian  rooks,  as  they  are  developed  in  Gtoada  and 
Michigan,  north  and  south  of  the  great  lake,' those  on  the  Mis- 
sissippi differ  notably  in  the  lack  of  gneiss  and  <»7sUd.&ie 
Ximeeton^,  although  the  presence  of  the  lattei:  in  that  re^on  is 
indicated  by  great  rolled  fragments  which  I  met- with,  partica- 
Isrly  north  of  the  Sauk  river.  With  the  Hupohlan  also,  as 
ttioSe  rocks  are  described  on  the  north  shore  of  lake  Huron, 
the  schist- complex  at  Little  Falls  does  not  agree,  inasmuch  as 
the  great  conglomerates  are  wanting  which  are  described  by 
the  geological  reports  of  Canada.*  The  Hurouian  in  the  Srest- 
em  part  of  Minnesota  also  is  different,  as  we  shall  see  below, 
and  resembles  more  the  beds  of  that  age  in  Wisconsin  aad 
-Michigan. 

In  a  southerly  direction  the  Laurentian  sone  is  again  met 
with  on  the  St.  Peter  river,  seventy  miles  distant  Owen  des- 
cribes from  there,  between  the  mouth  of  the  Cottonwood  river 
and  the  Redwood,  granite  and  syeuitio  rocks  extending  over 
forty-five  miles.  These  have  been  described  more  recently  by 
N.  H.  Winchell  in  his  second  report.  At  several  places  they 
appear  to  take  on  a  gneissic  structure,  and  to  pass  into  horn- 
blendic  schist.***  The  resemblance  of  the  granite  to  that  at 
St.  Cloud  he  calls  attention  at  several  places.  In  Uie  vicinity 
of  Granite  Falls  and  Patterson's  rapids,  on  ttie  St  Peter  river, 
the  granite  is  cut  by  dykes  of  trap  and  greenstone  which  can 
be  followed  for  a  distance  of  half  a  mile.f 

•Id  the  reports  tar  1804  of  the  GniiHdl&a  geological  oomiulsalaa,  at  the  baas  ot  tbe 
Huronlan  b; Ht«in  on  the  TbeBaalon  river,  north  of  lake  Huron,  are  mentioned  oblorltlc 
■ohlBta  whlclialternatewltbdlorytM.  and  therein  appear taprMentaireaieranaliKT 
with  the  appearances  on  tbe  MlMlBBl[ip1. 

"Prof.  Janiea  UbU  also  has  mentioned  tbsBDBlsdQoharaaterottbMeroCka. 

ISeoond  annual  report  oa  tbe  geological  and  natural  blator;  aurver  at  U 
p.  IflO,  etsequsna. 
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The  region  between  the  Sauk  and  St  Peter  rivers  affords  no 
outcrops.  It  consists  sometimes  of  thick  forest  and  sometimes 
ot  rolling  prairie,  and  has  a  wonderful  number  of  lakes.  The 
connection  of  the  crystalline  rocks  north  and  south  is,  Dever- 
theless,  probable,  if  one  bears  in  mind  the  general  relations  of 
the  terrane.  While  the  first  plateau  along  the  Mississippi, 
west  from  the  supposed  belt  of  Laurentian  rocks,  has  an  abso- 
lute hight  above  the  ocean  from  750  to  800  feet,  and  in  the 
west  the  prairies  of  tbe  Bed  river  lie  at  an  average  elevation  of 
8&0  feet,  t^e  elevation  over  the  sea  of  the  table  lands  in  the 
strike  of  the  granite  belt  reaches  1,100  to  1,250  feet  according 
to  the  levels  of  the  engineers  of  the  St.  Paul  and  Pacific  rail- 
road. 

Whittlesey  and  Norwood,  assistants  of  Owen,  more  especially 
entrusted  by  him  with  the  examination  of  the  intenor  of  Min- 
nesota, have  likewise  assumed  a  belt  of  crystalline  rocks  which 
goes  diagonally  through  Minnesota  and  is  crossed  by  the 
Mississippi  as  well  as  by  some  of  its  tributaries.  In  this,  Win- 
chell  also  concurs,  and  has  exhibited  on  his  very  hypothetical 
map  a  wide  zone  of  granitic  and  metamorphic  rocks  in  imme- 
diate connection  witii  tfaose  in  the  northern  part  of  the  state. 

So  far  as  our  present  knowledge  of  the  geological  nature 
of  the  interior  part  of  Minnesota  extends,  it  can  only  be  said 
of  it  that  there  are  present  all  indications  of  the  existence  of 
an  area  of  Laurentian  rock,  but  that  it  appears  in  outcrop  only 
in  the  shores  of  the  larger  streams,  and  is  covered  by  a  very 
heavy  deposit  of  drift  over  almost  its  whole  extent,  and  is  there- 
by hid  from  geological  examination.  Also  concerning  the 
Huronian  it  is  only  permitted  to  presume  as  yet  its  existence 
on  each  side  ot  the  massive  crystalline  rocks.  As  the  schists 
at  Little  Falls,  on  one  side,  can  be  so  regarded,  so  Prof.  James 
Hall  classes  the  metamorphic  sandstone  and  red  quartzyte  in 
southwestern  Minnesota,  which  have  there  a  great  develop- 
ment, and  also  embrace  the  pipestone  or  catlinite  layers,  as 
equivalent  to  the  Huronian  in  the  neighborhood  of  lake  Supe- 
rior. 

Elqaallty  valid  also  are  ail  the  Silurian  boundaries  which  (as 
well  as  Devonian  strata)  Winchell  represents  on  bis  map*  in 
beautiful  order  west  of  the  granitic  and  metamorphic  zone,  Aa 
Winchell  himself  remarks,**  this  supposition  rests  entirely 

■Tbls  map  appears  as  a  "prellmloarj  geologloal  mapot  Hlnnesota,"  wltbbla  lint 
**PagesM  and  l(ie,ottbe  first  report. 
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and  only  on  the  fact  that  Prof.  Hind,  of  the  Canadian  geojogi- 
cal  commission  has  exhibited  on  his  map  of  the  British  posses- 
sions, north  from  Minnesota,  similar  portions  of  the  Silurian 
and  Devonian  in  belts  running  from  north  to  south  along  the 
Bed  river,  and  that  these  extend  to  the  ^dth  parallel  of  lati- 
tude, the  boundary  line  of  the   United  States.* 

But  they  are  ideal  there  also,  inasmuch  as  the  southern  part 
of  the  Winnipeg  district  is  covered,  like  the  northwest  part  of 
Minnesota,  by  a  heavy  sheet  of  drift  below  which  the  deepest 
wells  penetrate  only  into  the  clay  shales  of  the  Cretaceous  for- 
matiou.  So  far  as  I  know,  there  is  no  instance  of  outcropping 
old  rock  along  the  Red  river  throughout  its  course  in  the  United 
States,  and  the  same  if  true  of  its  course  for  sixty  miles  further 
northwest  It  is  true  Owen  mentions  that  he  found  an  outcrop 
of  limestone  with  Silurian  fossils  two  to  three  feet  above 
the  level  of  the  water,  on  the  upper  course  of  the  Red  river.  I 
have,  nevertheless,  sought  for  this  place  in  vain,  and  am 
strongly  Inclined  to  believe  that  the  American  geologist  mis- 
took a  limestone  boulder  with  fossils  of  the  Trenton  formation 
for  outcropping  rock  in  situ.  The  existence  of  a  great  thick- 
ness of  transported  drift  in  this  region  (an  out- running  portion 
of  the  Leaf  Hills,  which  will  be  mentioned  below,)  makes  this 
the  more  probable,  f  Should  later  investigations  establish  the 
correctness  of  Owen's  statement,  there  would  be  reached  then 
a  long  stopping  place  in  the  progress  of  our  knowledge  con- 
cerning the  structure  of  the  earth's  crust  in  this  difficult  portion 
of  North  America. 

THE  CRETACEOUS  FORMATION   IN   TI«:   BATIK  VALLEY. 

At  the  village  of  Richmond  on  the  Sauk  river  where  the 
granitic  and  dioritic  rocks  of  the  Laurentian  zone  disappear 
entirely  tmder  the  drift  deposits,  the  river  has  cut  a  valley  int^ 
the  prairie  the  depth  of  thirty  feet.  '  In  the  steep  banks  I  found 
strata  of  rock  such  that  I  had  not  as  yet  encountered  in  Min- 
nesota, and  which  caused  me  to  infer  that  I  had  here  to  do  with 
strata  of  a  younger  formation.  They  are  plastic  clays  of  a  pre- 
vailingly dark  blue  color,  with  isolated  lines  of  what  appears  to 
be  white  and  yellow.    Below  the  dark  clays  is  a  layer  of  kaolin 

*The  report  ot  Praleaaoi  Hind  on  the  ABsInlbolne  >nd  SwItatOhsvBD  diGtrlct  ot 
BritlBh  America  &ppesred  Id  ISIS. 

tThUHt&Mmeatof  Owen  Isonpaiie  1T3  ot  hiaReportof  aoailooleal  turetv,  tta.  Ac- 
cord Ins  (o  hU  description  thlaapot  Ilea  SO  miles  distant  from  OtWr  Tall  lain,  measured 
by  tfaB  river,  and  hence  ten  to  twelve  miles  above  BreokenrldKe.theeDd  oftheSt-Paal 
and  PaclBc  railroad.    On  his  map  this  place  Ib  given  at  least  flfteen  miles  further  op 
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with  fragments  of  rock  broken  from  the  granite,  and  a  few  feet 
above  t^e  kaolin  can  be  seen  a  band  of  very  impure  brown 
coal.  The  beds  lie  about  horizontal,  except  that  the  kaolin 
layer  has  an  entirely  irregular  outline,  and  presents  to  the  be- 
holder the  appearance  of  a  cloak-like  covering  of  the  under- 
lying rock,  which  everywhere  is  granite  as  this  appears  in  out- 
crop a  short  distance  away.* 

The  river  bluffs  afford  only  scanty  indications  of  the  age  of 
this  formation.  In  spite  of  eager  and  continued  search  the 
plastic  clays  afforded  me,  besides  several  small  fragments  of 
shells,  only  a  single  small  tooth  of  Corax  or  Qaleua,  which 
cannot  be  considered  very  reliable  in  determining  the  age  of 
the  beds.  A  few  steps  from  the  point  at  which  these  were 
found,  shortly  before  my  arrival,  a  shaft  had  been  sunk,  and 
in  it  a  drill-hole  carried  further  in  hope  of  finding  coal,  which  ' 
for  several  years  has  been  reported  in  this  region.  By  means 
of  this  mining  work,  though  indifferently  carried  on,  and  by 
means  of  wells  in  the  vicinity,  have  been  discovered  only  some 
clay  shales  with  impressions  and  fragments  of  fossils  which 
show  most  conclusively  that  the  beds  which  here  lie  directly  on 
the  granite  belong  to  the  Cretaceous  formation,  and  indeed  to 
the  Benton  group,  or  No.  2  of  the  series  of  the  Missouri  basin 
as  it  has  been  described  by  Meek  and  Hayden.*  *  Not  only 
are  the  bivalves,  cephalopods,  fish-teeth  and  scales  identical, 
but  the  clays  and  shales  are  the  same,  at  these  distant  points, 
and  make  it  possible  to  establish  an  exact  paralleliem.  Dark, 
plastic  clays  predominate.  These  alternate  with  fragile  schists, 
with  impure  brown  coal  and  clayey  ironstone.  The  plasticity 
and  the  dark-blue  to  lead-gray  color  of  these  clays  are  so 
charactenstic  of  the  Benton  group  that  they  are  distinguished 
easily  from  the  sandy  and  marly  portions  as  well  as  from  the 
calcareous  clayey  beds  of  the  upper  members  of  the  Missouri- 
Cretaceous.  ••• 

•WlDchell  found  later  In  Hereral  pliioea  on  tbe  St.  Peter  river,  that  K  kBOlIn  U;er 
liesbetveen  the  R  ran  I  (a  rocks  and  the  olfty  beds,  andnKDd  depoaliK  irhtch  hereklso 
are  vrolwblf  Cret&veous.  (seoond  annual  report,  18T4,  p.  ItO.  etc)  My  olweTTKtloiu 
upon  the  Cretaoeoiu  torraallon  In  HlnnAWitft  were  first  publiHiiert  In  January,  1ST2,  In 
Dana  and  BllUman'i  Journal  of  Bclenoe. 

"Ueok  And  Huyden's  PalaeontologluAi  report  of  Lleuleuuiil  Wurron'ii  expedition 
to  ttae  Upper  Mlssoarl. 

P,  v.  Hayden:  On  the  Gleology  and  Natural  HlHtory  ut  thn  Upper  Hlsdouri,  In  the 
Trann.  Am.  Pbll.  Soo..  vol.  xil,  new  iterles,  part  I. 

•"It  la  poeslble  that  the  Port  Pierre  (troup,  only,  could  be  confounded  with  It.  Thla, 
however,  bolda  a  higher  horizon,  and  likewise  aumelimescoDtalna  dark-colored  plastic 
clays:  but  according  toHeek  and  Bayden.  the  inoceramtts  problenuUlcu*  {—in.  laMabu 
Schlotli),  the  most  abiindapt  shell  at  Rlchmoud.  hsH  not  yet  l^en  afforded  b;  these 
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The  above  mentioned  drill-hole,  anf  ortunately,  was  made  by 
men  in  whom  all  gfeological  knowledge  is  wanting,  and  who 
neither  kept  a  register  of  it  nor  were  they  in  condition  to  give 
any  reliable  information  concerning  the  natare  of  the  layers 
penetrated.  I  was  compelled,  therefore,  to  depend  on  tbe 
material  that  had  been  piled  up  about  the  shaft. 

The  first  search  for  coal  was  undertaken  several  years  before 
by  a  farmer  who  had  discovered  the  soft  brown  coal  layer 
in  the  banks  of  the  river.  He  ran  a  drift  a  distance  of  about 
sixty  feet  into  the  southerly  bank,  but  a  sudden  rise  of  the 
water  flooded  his  works  and  he  then  gave  np  the  search. 

Tbe  same  farmer  found  coal  three  miies  north  from  Rich- 
mond, in  the  midst  of  the  forest,  and  dug  three  or  four  shafts 
in  order  to  discover  the  supposed  stratum.  These  also  he  was 
obliged  to  give  up  on  account  of  the  increasing  waters.  After 
that  the  matter  remained  unnoticed  till  1870,  when  several 
merchants  in  St.  Cloud  rented  the  land  in  and  around  Rich- 
mond for  the  purpose  of  exploring  for  coal.  There  were  sunk 
thereupon  several  shallow  shafts  in  the  neighborhood  of  the 
former  experiment. 

At  tbe  time  of  the  experiment  a  streak  of  coal  was  said  to 
have  been  followed  of  the  thickness  of  four  inches.  The  coal 
remained,  nevertheless,  very  impure,  and  consisted,  indeed, 
for  the  greater  part  of  bituminous  shale,  which  even  now  can 
be  seen  in  the  little  mound  thrown  up  near  the  opening  of  the 
pit.  The  dip  amounted  to  four  feet  over  the  whole  distance  of 
sixty  feet,  and  hence  for  the  whole  clay-complex  a  slightly 
inclined  position  was  shown  of  about  four  degrees  toward  the 
south.  At  the  opening  of  the  shaft  could  be  seen  blue,  white 
and  yellow  plastic  clays  with  a  little  gravel  and  much  clay 
shale.  The  shale  contains  here  some  scales  of  cycloid  fishes 
as  well  as  many  fragments  of  /noceramus  and  Ostrea,  but  un- 
fortunately not  a  single  entire  specimen  of  any  determinable 
species.  The  adjoining  profile  shows  the  appearance  of  tbe 
Cret-aceous  beds  at  Richmond. 

It  is  worthy  of  note,  still,  that  in  an  old  pit  in  the  neighbor- 
hood of  the  trial  pit  small  quantities  of  a  very  clear  petroleum 
had  gathered,  and  that  the  water  of  a  brook  in  the  neighbor- 
hood carried  with  it  some  petroleum. 
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».  Grftnit, 
b.  Kaolin, 

C.C  Plastic  clay  and  cl^  shale  with  a  thin  layer  of  impure 
brown  coal. 
d.d.  Diluvium. 

1.  The  above  mentioned  small  test  drift. 

2.  Shaft  and  drill  of  a  hundred  and  twelve  feet  in  which  the 
granite  was  reached.  The  drill-hole  entered  the  granite  eight 
feet,  and  the  auger  brought  up  small  pieces  of  feldspar, 
quartz  and  pyrites,  apparently  derived  from  a  pegmatite  like 
the  same  that  I  have  met  with  frequently  as  viens  in  the  gran- 
itic rocks  of  the  region. 

3.  Shaft  and  drill  a  hundred  and  eighty  feet  deep  in  which 
the  granite  was  not  reached. 

Afterward  having  learned  that  in  the  digging  of  wells  at  sev- 
eral farm-houses  south  from  Richmond,  fossils  had  been  dis- 
covered, I  set  out  on  a  search  in  that  direction.  On  the  sur- 
face nothing  more  can  be  seen  of  the  easily  distinguishable 
clays  and  clay-shales.  The  land  is  very  rough,  heavily  wooded, 
taiA  l^e  sandy  drift  in  some  places  very  significantly  disappears. 
Two  miles  south  from  the  village  I  came  tea  farm-house  where 
a  well  had  raised  to  a  high  piteh  the  wonder  of  the  whole  re- 
gion about  The  well  was  dug  thirty  feet  deep,  and  then  by 
means  of  boring  had  been  carried  ten  feet  still  deeper.  At 
eight  feet  below  the  natural  surface  of  the  grotmd  a  dark  plas- 
tic clay  was  encountered,  which  gradually  changed  to  clay- 
shale  with  numerous  large  shells.  The  water  of  this  well 
smelled  strongly  of  sulphuretted  hydrogen,  but  the  odor  was 
lost  after  it  stood  a  little  time  in  the  air,  and  it  was  then  used 
as  drinking  water.  At  that  time  I  could  obtain ,  at  the  place 
only  small  fragments  of  shells,  from  which  the  clay  shale  had 
crumbled,  and  the  valves  had  been  broken.     Of  the  relation  of 
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these  frEbgments  to  Inoceramti8  but  little  daubt  could  be  enter- 
tained. The  well  was  soon  afterward  sunk  somewhat  deeper 
(always  with  the  hope  of  encountering  the  coal  stratum,)  and 
the  owner  sent  me  several  good  specimens  of  the  organic  re- 
mains that  were  thus  brought  to  light. 

Besides  the  same  flsh-scales  as  on  the  Sauk  river,  were  the 
valves  of  a  large  Inoceramus  in  great  nunibers,  sometimes  with 
the  pearly  interior  perfectly  preserved.  Prof.  Meek,  at  Wash- 
ington, had  the  goodness  to  name  these,  and  declared  them  to 
be  the  Inocernmus  problematicus  of  the  American  geologists, 
adding  further  that  this  shell  is  identical  with  the  Inoeeramun 
pseudomytiloSdes  which  Dr.  Schiel  has  figured  in  the  second  vol- 
ume of  the  Pacific  railroad  reports,  plate  III,  fig.  8.*  I  also 
got  fragments  and  impressions  of  Ammonitea  percariruU.ua,  Meek 
and  Hayden,  known  from  the  Benton  clays  on  the  Missouri, 
very  likely  the  same  as  A.  woolgari  Mant,  and  a  ScaphUju  which 
Prof.  Meek  identified  as  his  Scaphites  larvmfitrmU,  or  a  closely 
related  form  of  it,  and  which  can  scarcely  be  distinguished 
tTOm Scaphites cecfualis  Sow.** 

According  to  these  fossils  the  clay  and  shale  beds  on  the 
Sauk  river  correspond  to  the  Lower  Chalk,  of  England,  the 
middle  plains  of  Saxony,  and  the  lower  Turon  of  France  (Turon 
Frankreichs). 

According  to  the  latest  reports  that  have  reached  me,  the 
well  had  been  sunk,  in  a  vain  search  for  coal,  still  forty  feet 
deeper,  and  that  altogether  it  had  reached  the  depth  of  80  feet. 
The  following  statement  shows  the  nature  and  thickness  of  the 
strata  penetrated: 

Feet 

1.  Gravel  and  sand 6 

2.  Dark-blue,  plastic  clay,  occasionally  with  a  tendency  to 
the  form  of  shale;  numerous  valves  of  /TVOceramiM  prob- 
lematicus and  crystals  of  gypsum 30 

3.  Hard,  sandy  clay,  and  shale  of  lighter  color,  with  py- 
rite,  mica  scales,  and  numerous  scales  of  cycloid  fishes. 
Fragments  of  Inoceramus.    At  the  depth  of  forty  feet 

a  thin  stratum  of  brown  coal ^ 

•Probably  this  Inoctrnmut  [a  IdentlcBl  with  /.laeeramiu  muCUofidu.  Hsiit.  nod  /nnc.  U- 
MrUui,  Schlotta.  (QnliiriiBS.  I'ctrofHktH  Germutilite.  pi.  II,  p.  11B.  Hg.  4.) 

••At  that  lime  I  BCnt  Ihe  IobsIIb  and  fli(  urea  of  the  fraBments  which  bad  o  mm  Wed. 
to  the  Immortal  piofcnacir  Miu^k.  at  WKshlngton.  far  determlnatloD.  It  bas  been  Im- 
posRible  for  luo.  however,  to  Inatltiite  an;  later  comparlsoDs  with  European  tonus 
though  the  ■buredetemilnatioQB  by  so  tborouRh  a  Htudentof  the  CretaoeouB  toma- 
Vba  of  the  Interior  ot  North  America  are  sufflclent  to  eetabllsh  the  horlion  ol  the  Klo- 
DSHOta  beds  and  their  full  Identity  with  the  Fort  Beoton  group  on  the  Missouri. 
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4.  The  same  clay  with  more  layers  of  shale  from  three 
to  four  inches  thick.  Very  large  specimens  of  Inocera.- 
mua  ^robletnattctu,  as  well  as  Scaphites  and  Ammonites. 
The  valves  sometiiDes  retain  their  color  and  luster.      At 

the  depth  of  50  feet  a  second  thin  bed  of  brown  coal 10  * 

5.  Dark  blue  plastic  clay  without  layering;  the  color  still 
darker  than  the  last  thirty  feet  above,  and  sometimes  en- 
tirely black.     At  the  depth  of  65  feet  it  was  necessary 

to  bore  through  a  hard  bed  of  grayish-black  color 15 

8.    Clay,  with  thin  scales  and  layers  of  pyrites 10 

Total 81 

The  well  was  begun  about  30  feet  above  the  level  of  the  water 
in  Sank  river,  and  therefore  at  the  same  level  as  the  prairie  at 
Richmond,  which  shows  the  nearly  level  position  of  the  strata. 
In  a  low  meadow  which  in  time  of  high  water  in  the  river,  is 
connected  with  the  river,  I  found  the  same  unusual  plastic  clay 
at  the  surface.  The  locality  where  the  above  fossils  were 
found  lies  two  miles  nearly  south  fi-om  Bichmond,  at  the  resi- 
dence of  a  German  farmer  named  Sieverding.  The  formation 
here  certainly  attains  a  very  great  thickness. 

Besides  the  region  about  Richmond,  I  have  also  found  the 
blue  plastic  clay  on  the  shores  of  White  Bear  lake,  in  Pope 
county,  [now  Minnewashta  late— n.  h.  w.  ]  at  Glenwood,  a  vil- 
lage which  lies  42  miles  west  from  Richmond,  and  is  75  miles 
in  a  right  line  west  from  the  Mississippi.*  Here  the  clay  ap- 
pears under  a  covering  of  aljout  two  hundred  feet  of  drift.  This 
place  is,  therefore,  the  only  positive  evidence  which  I  can  cite 
for  the  extension  of  the  Cretaceous  beds  towards  the  west,  al- 
though I  do  not  doubt  such  an  extension,  as  will  be  further 
shown  below;  and  hence,  I  believe  it  is  correct  to  assume  that 
these  beds  are  continuous  with  the  Missouri  Cretaceous. 

In  the  southern  part  of  the  state.  Prof.  Hall  had  ten  years  be 
fore  described  an  impure,  worthless  bed  of  brown  coal,  which 
was  associated  with  crumbling  sandstone  and  sandy  clays.  In 
these  beds  appear  leaves  of  dicotyledonous  plants  which  point  to 
an  equivalence  with  the  lower,  or  Dakota  group,  of  the  Missouri 
Cretaceous.      They  rest  directly  upon  red-quartzytes  which 

*Wblte  Sear  lake  Is  one  of  ihe  mnst  beautiful  lakes  In  Mlnaesntu.  The  wuter-level 
llaa  kboutlSO  feet  below  tbe  level  of  the  BurroiindlDg  prairie.  Tbe  shores  nre  steep  unti 
■auaaalBre  covered  with  great  boulderH  wh  ich  ure  derived  from  the  sandy  drlCt,  The 
blue  plostlo  clays  come  to  llgbtat  a  spot,  a  few  feet  above  tbesurtaire  of  the  water, 
wbere  a  spring  gushes  out  of  the  bank  wbose  alear  water  must  have  been  gathered  be- 
tween the  yellowish  Bandy  loam  and  the  blue  clay. 
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Hall,  as  above  mentioned,  assigns  to  the  Huronian  lormatiOD. 
From  Nobles  county,  on  the  border  of  Iowa,  some  years  ago 
several  fragments  of  BaculUes  were  brongrht  to  St.  Panl  and 
were  preserved  in  the  collection  of  the  Natoral  History  Society. 
*  They  were  alleged  to  have  been  found  in  beds  of  clay  several 
feet  below  the  surface.  In  late  years,  N.  H.  Winchell  has  ac- 
curately described*  as  Cretaceous,  the  beds  that  are  to  be  seen 
along  the  lower  coarse  of  the  St  Peters  river,  in  southern  Min- 
nesota. Unfortunately  he  has  found  no  fossils,  except  a  few  re- 
mains of  leaves,  and,  therefore,  the  age  of  the  sands,  clays  and 
marl-beds  which  lie  on  tiie  Silurian  rocks  can  be  announced,  as 
yet,  only  as  conjecturaL  Not  to  mention  that  without  the  aid 
of  fossils  it  would  be  difBcult  to  decide  whether  a  portion  of 
these  younger  beds  be  not  diluvial,  yet,  on  account  of  the  fre- 
quent appearance  of  an  impure  brown-coal,  it  is  possible  to 
suggest  for  them  a  Tertiary  age,  and  to  conceive  them  as  con- 
temporary with  the  beds  which  have  been  described  by  Hayden 
and  Meek  as  the  Great  Lignite  formation  of  the  Missouri. 
Therefore  it  must  remain  for  later  research  to  foraish  mote 
light  on  this  point. 

Although  all  these  localities  are  three  hundred  miles  distant 
from  the  Missouri,  the  natural  surface  of  the  intervening  r^on 
(the  eastern  part  of  Dakota  territory  and  of  western  Minnesota) 
affords  no  objection  to  the  supposition  that  the  above-descril>ed 
Cretaceous  beds  and  perhaps  the  still  later  brown-coal  and  sand 
are  connected  with  the  Cretaceous  and  Tertiary  formations  of 
the  Missouri.  There  is  no  exposure  of  older  strata,  in  this  lati- 
tude, Ijetween  the  belt  of  Laurention  rocks  in  the  interior  of 
Minnesota  and  the  above  formations  on  the  Missouri.  The 
several  low  hill  ranges,  the  Leaf  hills  in  Minnesota,  and  the 
Coteaux  des  prairie  in  Dakota,  are  nothing  but  great  accnmola- 
tions  of  sandy  and  stony  drift.  The  Leaf  hills,  a  succession  of 
long  ridges  curved  like  a  horseshoe,  situated  between  the  Red 
river  and  the  sources  of  the  Mississippi,  I  have  crossed  myself 
in  several  places,  for  the  purpose  of  finding  a  suitable  route  for 
a  railroad  to  the  British  possessions.  Xowhere,  not  even  in  the 
deepest  cuts,  were  any  outoropping  rock  beds  seen. 

The  southern  sides  of  the  hills  are  very  sfeep  while  to  the 
north  their  slopes  are  very  gradual.  The  strongly  marked  ter- 
rane  is  in  width  from  six  to  ten  miles  and  is  composed  of  long 
parallel  ridges  joined  by  smaller  transverse  ones.     Boulders  of 

•First  und  -wi^nd  reports  nn  i.lip  geologfoil  sod  uaturkl  blxtory  survey.  1954  ISM. 
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varioas  sizes  of  crystaUine  and  sedimeotary  rocks  lie  scattered 
in  wild  confusion  with  namerous  and  very  large  erratic  blocks. 

Personally,  I  did  not  visit  the  Coteanx  of  Dakota  but  every 
opportunity  was  embraced  of  becoming  acquainted  with  it 
through  the  engineers  and  surveyors.  I  was  assured  that  at 
least  between  the  4Stb  and  47th  degree  of  latitude,  here  con- 
sidered, there  was  seen  no  outcrop  of  sedimentary  rocks  of  any 
kind  either  along  the  water-courses  or  on  the  hillsides.  This 
region,  like  the  Leaf  hills,  appears  to  be  made  up  of  unstrati- 
fled  stony  and  sandy  material. 

Under  this  supposition  both  of  these  elevated  ranges  are 
of  later  origin  than  the  deposits  of  Cretaceous  age  and  were 
not  present  at  the  time  when  the  almost  completed  level  up- 
land formed  tjie  bottom  of  the  Cretaceous  sea.  For  this  reason 
there  is  less  need  of  admitting  the  existence  oC  a  number  of 
small  Cretaceous  seas  and  particularly  since  the  discovered 
fossils  are  absolutely  identical.  The  various  divisions  of  iha 
Cretaceous  formation  along  the  Missouri  show  in  their  thickest 
development  a  thickness  of  nearly  two  thousand  feet  and  it  is 
therefore  probable  that  during  Cretaceous  times  a  large  ocean 
covered  the  interior  of  the  North  American  continent. 

On  the  maps  included  in  the  works  of  Hayden  and  Meek, 
the  eastern  boundary  of  the  Missouri-Cretaceous  sea  is  not  given 
and  professor  Meek  has  assured  me  that  this  is  totally  unknown. 
The  formation  disappears  towards  the  east  under  the  great  di- 
luvial covering. 

So  far  as  I  am  acquainted  nothing  has  heretofore  been  dis- 
covered of  the  eastern  extension  of  the  Missouri- Cretaceous 
sea.  It  seems  to  me  from  the  above  information  and  observation 
that  the  conclusion  will  be  granted  that  the  described  strata  of 
Sauk  river  near  Richmond  formed  a  portion  of  the  eastern  shore 
line  of  the  Missouri-Cretaceoiis  sea;  however,  I  do  not  wish  it  to 
be  understood  that  this  correlation  is  established  as  a  positive 
fact 

The  Lower  Silurian  and  the  Huronian  Mblaphyr  of 
THE  St.  Croix  Valley. 

The  same  difKculties  met  with  in  geological  explorations 
west  of  the  Mississippi  Valley  are  also  met  with  along  our 
ronte  through  the  state  east  of  this  great  river  until  we  reach 
tile  valley  of  the  St.  Croix.  This  river  has  its  origin  in  the 
vicinity  of  the  western  arm  of  lake  Superior  and  flows  southerly 
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towards  the  Mississippi  aod  joins  it  after  having  formed  the 
boasdary  line  tor  90  miles  between  the  states  of  Minnesota  and 
Wisconsin.  In  this  entire  distance  the  shores  are  covered  with 
a  dense  primeval  forest  generally  of  pine,  with  a  light  sand; 
soil,  while  west  of  the  Mississippi  the  forest  is  of  decidnons 
tarees  and  consists  of  oak,  ash,  maple,  linden,  walnnt,  etc.,  Uiat 
grow  in  a  heavy  clayey  soil.  Only  along  the  soathem  course 
of  the  St.  Croix  there  extend  sandy  prairies  intermpted  by 
small  forests  of  bnr-oak  to  the  vicinity  of  St  Paal. 

Immediately  after  leaving  the  shores  of  the  Mississippi  on 
one  side  and  the  St.  Croix  on  the  other  all  possibility  of 
geognostic  observations  on  the  surface  are  at  an  end.  I  have 
already  stated  that  the  first  plateaa  of  the  Mississippi  is  from 
750  to  800  feet  above  the  ocean  level.  At  this  -elevation  the 
surface  remains  eastward  from  St.  Paul  to  the  St.  Croix  river. 
One  rides  for  hours  over  rolling  prairies  and  passes  several 
lai^e  lakes  in  which  the  sandy  and  abundant  diluvium  with 
large  erratic  blocks  cover  all  of  the  older  sedimentary  rocks. 
Suddenly  the  broad  deeply  eroded  valley  stretches  out  before 
the  observer  and  a  surprising  view  is  given.  With  the  great- 
est regularity  several  terraces  rise  one  above  the  otiier  and  on 
the  Wisconsin  side  at  the  same  altitude  can  be  readily  followed 
as  a  step-like  descent  to  the  bottom  of  the  valley. 

The  upper  terraces  are  washed  out  of  the  diluvial  formation; 
the  lower  ones  lying  partly  in  the  Lower  Silurian  dolomyte, 
partly  in  the  Potsdam  or  St.  Croix  sandstone  which  was  formerly 
distinguished  by  American  geologists  as  an  older  member  of 
the  Lower  Silurian.  Along  the  upper  St.  Croix  are  added  the 
great  eruptions  of  melaphyr  and  melaphyr-porphyry  which 
form  the  base  of  the  Silurian  system  in  the  vicintiy  of  lake 
Superior  and  which  I  shall  have  opportunity  during  this  work 
to  revert  to  more  in  detail. 

•  •  •  *    On  a  geologicftl  map  of  Wiscon- 

sin published  in  the  year  1869  by  I.  A.  Lapham  of  Milwaukee, 
in  place  of  these  four  formations  [referring  to  Owen's  map  of 
1851]  there  is  but  a  single  formation  "trap,"  which  branches 
from  the  southwestern  point  of  the  granitic  and  metamorphic 
rocks  of  Wisconsin.  This  comprehension  is  the  proper  one. 
as  we  shall  see  shortly  that  the  crystalline  rocks  of  the  St. 
Croix  are  older  than  the  Silurian  sandstone.  Similar  forma- 
tions of  that  which  American  geologiste  call  "traprock"  are 
fonnd  plentifully  embedded  in  and  on  the  edge  of  the  Archeess 
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formation  in  Wisconsin,  particularly  in  conjunction  with  quart- 
zytes  and  conglomerates  of  Huronian  age. 

Owen  regarded  these  rocks  of  the  St.  Croix  as  "porphyritic 
trap"  and  compared  them  with  the  Norwegian  porphyry  as 
found  on  the  western  side  of  Christiana-fjord  at  Bogstadt.* 
I  also  regarded  it  originally  as  a  porphyry  or  a  porphyry  with- 
out quartz,  under  which  name  I  first  introduced  it  in  1871. 
Now,  however,  professor  Streng  found  not  only  in  the  matrix 
of  this  rock  but  also  in  the  porphyryritically  disseminated 
crystals,  besides  the  plagioclase  only  augite  and  its  decomposi- 
tion products  (chlorite,  or  viridite  and  epidote)  with  very  little 
OTtlioclase;  and  for  this  reason  this  rock  is  decidedly  more  basic 
thtin  porphyrite,  and  should  be  rather  placed  with  the  mela- 
phyrsf.  The  character  of  this  rock  upon  the  whole  is  nearly 
onifonn;  only  in  places  are  the  porphyritic  and  amygdaloidal 
structures  more  abundant  than  in  others.  The  matrix  is  crypto- 
crystalline  and  of  a  dark-green  color;  under  a  magnifier  can  be 
distinguished  dark-brown  to  black  banded  feldspars  and  a 
transparent  yellowish-green  mineral,  which  has  proved  to  be 
epidote,  and  probably  was  transformed  from  augite.  Instead 
of  placing  it  with  the  melaphyrs  one  could  probably  refer  this 
rock  of  the  St  Croix  valley  with  equal  correctness  to  diabase 
since  the  microscopic  examination  has  shown  both  the  constit- 
aents  of  diabase  and  the  particular  alteration  peculiar  to  it, 
and  further,  that  olivine  and  an  amorphous  matrix  are  totally 
wanting.  Diabases  of  Huronian  age  south  of  lake  Superior  in 
Wisconsin  and  Michigan  are  besides  of  common  occnrence. 
•  *  *  "    Besides  Lingula  and  probably  Obolns- 

valves  I  found  in  these  Silurian  strata  only  glabellas  of  trilo- 
bites  the  size  of  peas  ( Conocepkalus  of.  minulus).  Of  Lingula 
there  is  a  form  with  a  long  pointed  beak  associated  with  much 
shorter  and  broader  ones.  Examples  of  the  first  attain  a 
length  of  15"".  At  first  view  one  thinks  he  sees  the  well  known 
Lingula  aniiqiia  and  Lingula  prima  but  of  much  larger  size 
^lan  those  we  are  accustomed  to  meet  with.  The  nature  also 
of  their  association  leads  at  once  ■  to  the  supposition  that  we 
have  here  the  differently  formed  valves  of  but  one  and  the 
same  species.  Ttie  large  form  with  pointed  beak  Owen  de- 
scribed  as   Lingula  pinnitformia.    His  Illustrations,  however. 

■Owen's  OeolOKlodl  Survey,  page  Ifil. 

tUeberdleKnstHllinlsaheDOeiMlne  vdd  Minnesota,  von  A.  BtrenK  und  J.  H.  Klooa. 
Id  Lconhonra  JoArbuch,  1877,  pp.  M-51.  (dee  tr&Dslattonof  this  tn  tbn  Eleventh  AddusI 
Beport.    N.H.  W.) 
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do  not  allow  of  its  beiii)B:  distin^ished  from  the  Lingt^ 
aottminaia  Conrad*  and  in  the  description  he  does  not  point  out 
the  differences  between  it  and  the  earlier  described  forms  of  the 
oldest  Silurian.  I>ater  James  Hall  reco^ized  the  species 
Lingula  pinnaformia  Owen,  noting,  however,  that  the  muscle 
impressions  of  all  these  valves,  so  far  as  he  had  observed, 
showed  sufficient  differences  from  true  Linujlae  to  elevate  the 
St  Croix  form  Into  a  distinct  genus  and  to  which  he  gave  the 
name  IAngulepiB\.  At  the  same  time  he  refers  the  shorter  and 
broader  form  to  LingulepiB  but  leaves  it  in  doubt  whether  they 
belong  to  one  or  two  species.'  Owen  also  cites  from  this 
locality  Lingula  ampla  and  Orhicula  prima,  both  named  b;  him, 
as  well  as  Lingula  antiqua  and  prima  (?). 

So  far  as  the  occurrence  of  all  these  species  at  St.  Croix  Falls 
is  concerned  it  is  positive  that  these  identifications,  as  shown 
already  by  Hall,!  with  Linfrula  ampla,  rests  partly  on  mistaking 
ome  thing  for  another  and  erroneous  identifications.  Owen's 
figures  are  too  poor  to  admit  of  comparisons  being  made  with 
other  localities,  and  Hali,  who  had  a  large  amount  of  material 
from  St.  Croix  Falls  at  his  disposition,  admitted  that  he  could 
not  make  out  Owen's  species. 

The  material  which  is  at  my  command  Is  unfortunately  in- 
sufficient to  thoroughly  work  out  the  fauna  of  this  oldest  Silu- 
rian stratum,  and  I  am  compelled  in  this  to  wait  until  I  shall 
again  have  the  opportunity  of  visiting  these  localities.  Besides 
Lingutepis  pinnc^/ormis  Owen,  there  can  probably  also  be  iden- 
tified an  Obolua  which  particularly  occurs  in  the  pyritiferoos 
marl-slate,  but  also  in  the  limestone  layers  associated  with  Lin- 
gulepia.  Externally  it  very  much  resembles  the  Obolus  appo- 
linia  Eichwald,  of  Russia,  and  it  is  only,  upon  the  whole,  larger, 
attaining  a  lengtii  and  breadth  of  U  — .  The  thin  valves  are 
irregularly  concentrically  striated  and  show  an  exfoliation  of 
the  outer  layers,  particularly  towards  the  anterior  edge,  also  a 
fine  longitudinal  lining.  The  greatest  breadth  lies  somewhat 
below  the  middle,  the  lateral  margins  converge  towards  the 
beak  and  there  form  au  angle  of  about  60°.  On  a  single  exam- 
ple only  was  it  possible  to  uncover  the  muscular-impressions: 
they  do  not  entirelyagree  with  the  drawings  of  0.  appolinia  as 

■From  the  Polsdam  sandstone  ot  OaDftda,  uompare  OooIoK'  Report  of  O^Dada  lor  ISM. 

p.  ice. 
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given  by  Davidson,  in  that  the  adductors  instead  of  having  an 
oblique  direction  and  converging  downwards  towards  the  mid- 
dle, are  disposed  in  a  straight  line  and  stand  perpendicular  on 
the  axis  of  the  shell.  With  the  small  Obolella  species  from  the 
Cambrian  strata  of  England,  the  muscular  impressions  have 
also  only  a  distant  resemblance;  agreeing  no  better  with  true 
LiTiguUu  and  with  the  illustrations  of  Lingulepis.  It  would  be 
risky  to  found  a  new  species  ui>on  this  single  example,  and  I 
prefer  not  to  decide  the  guestiou  as  to  the  proper  disposition 
of  those  St  Croix  brachiopods  not  belonging  to  Lingulepis  pin- 
naformia* 

The  Upper  Hukonian  Slates  of  the  St.   Louis  River. 

A  third  river  which  in  central  Minnesota  demands  the  closest 
attention  of  tiie  geologist  is  the  one  already  named  in  the  intro- 
duction, viz.,  the  St.  Louis  river.  It  also  offers  for  a  great  dis- 
tance the  only  possibility  of  a  view  of  the  geognostic  relations. 
Still  more  than  on  the  St.  Croix  and  on  the  upper  Mississippi 
are  here  all  explorations  made  more  difBcult,  on  account  of  the 
enormous  forests  and  the  extensive  swamps.  One  reaches  the 
St.  Louis  river  now  more  easily  by  the  railroad  between  St  Paul 
and  lake  Superior  which  was  completed  in  the  year  1869.  This 
railroad  follows  at  a  small  distance  the  course  of  the  St  Croix 
and  rises  gradually  from  700  feet  at  St.  Paul  to  1170  feet  above 
the  ocean  level.  Here  it  crosses  the  water-shed  l>etween  the 
tributary  streams  of  the  Mississippi  and  those  flowing  in  a 
northerly  direction  into  lake  Superior.  This  point  is  120  miles 
distant  from  St  Paul  and  85  miles  from  the  western  arm  of 
lake  Superior.  , 

Outside  of  a  few  cuts  in  the  Trenton  limestone  in  the  vicinity 
of  St  Paul,  the  region  along  the  Lake  Superior  railroad  affords 
no  exposures  of  the  underlying  rocks  until  one  reaches  the 
water-shed.  Extended  forests  composed  mainly  of  pines,  firs, 
etc.,  stretch  out  on  both  sides.  The  country  is  flat  and  swampy, 
the  brooks  and  water  courses  are  cut  but  little  into  the  surface. 
In  the  cedar-marshes,  through  which  the  rtulroad  has  been 
built  on  the  hights  of  the  water-shed,  the  first  rocks  project 

•Altbouflh  the  material  BtUl  In  niTpoeaeaBlDn  Is  not  Bufflcleat  to  pOBltlTelrdeMrmlne 
tba  proiNir  relatloashlp  at  tbe  Bt.  Orolx  rlrar  llnffulold.  yet  the  rloh  material  at  hand 
from  olher  reRloiiB  and  to  the  QOttlnger  oollectlon  which  m;  hljcolr  hooored  ti^acber 
vrofFSSorVoaSeebach,  with  the  (createat  wllllnniesa  placed  at  my  dlsixnal,  baau- 
alated  mach  to  lettle  earlier  wrong! r-Iormed  opinloas,  for  which  I  should  not  neglect 
la  tblt  place  10  expreaa  pablloly  laj  thaoliB  as  well  as  for  hU  general  readlneas  to 
help  and  teaoh  me. 
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They  are  steeply  inclined,  darkish  slates  whose  stratified  knobs 
are  elevated  but  a  few  feet  above  the  marsh.  Where  the  rail- 
road company  has  built  a  high  bridge  over  the  river  in  the 
vicinity  of  the  new  village  Thompson,  we  there  have  the  first 
opportunity  to  study  more  closely  these  slates.  Here  the  water 
has  broken  through  these  steeply  Inclined  slatesand  has  formed 
over  it  a  series  of  falls  and  rapids  which  in  a  few  miles  descend 
370  feet  and  are  known  as  the  "rapids  of  the  St.  Louis  river." 

Particularly  fine  are  the  slates  exposed  in  the  railroad  cut- 
tings at  the  junction  of  the  Lake  Superior  R.  R.  with  the 
Northern  Pacific.  One  can  here  follow  the  strike  for  adistance 
of  half  a  mile  without  interruption  as  well  as  the  dip  of  the 
strata  which  the  slatiness  proves  with  accuracy.  The  strike  is 
nearly  direct  east  and  west,  while  the  dip  varies  between  30" 
and  50^  toward  the  south.  Strata  of  acrystalline  clay-slate  al- 
ternate very  regularly  with  a  rock  which  on  first  view  reminds 
one  of  many  German  grauwacke- slates  such  as  one  often  meets 
with  in  the  Kulms- grauwacke  of  the  Upper-Hartz.  This  sim- 
ply crypto-slaty  rock  I  am  now  led,  since  the  microscopic  exam- 
ination, to  regard  as  a  horn -slate. 

The  protrusions  of  the  clay-slates  are  jagged  and  rough, 
while  the  intermediate  layers,  which  in  contrast  with  the  clay- 
slates  that  have  been  wrought  variously  as  roofing-slates,  must 
be  regarded  as  very  imperfectly  slaty,  are  smoothed  off  and 
more  or  less  excavated  in  such  a  way  that  when  one  walks  over 
the  slate-complex  perpendicular  to  the  strike,  the  clay-slates 
form  the  ridges  and  the  horn-slates  the  troughs.  The  thick- 
ness of  the  different  strata  is  various;  on  the  railroad  I  measured 
several  clay-slate  strata  from  25  to  iO  feet  thick,  while  the  in- 
termediate beds  of  horn-slate  are  in  general  somewhat  less  in 
thickness.  In  other  places  however  the  thickness  is  consider- 
ably greater,  and  there  are  places  where  large  quarries  have 
been  opened  for  the  obtaining  of  roofing-slates .  The  transverse 
slatiness,  which  warrants  this,  passes  through  the  entire  clay- 
slate  strata  and  shows  in  connection  with  the  changeable  dip  of 
the  strata  a  constant  direction  from  75*^  to  77°  toward  the  south. 
Crevices  filled  with  quartz,  calcspar  and  feldspar  are  of  com- 
mon occurrence  throughout  the  entire  strata-complex. 

For  a  long  time  uncertain  where  to  place  the  rock  here  named 
horn-slate,  I  received  my  clue  from  a  microscopic  examina- 
tion of  it.  A  detailed  description  is  therefore  necessary.  The 
color  can  be  called  a  light  green.  This  rock  to  the  caked  eye 
appears  entirely  compact  although  with  many  minute  white  and 
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lominoas  dots  which  under  a  magntfying  glass  prove  to  be  very 
small  quartz  and  feldspar  crystaU,  or  grains,  and  which  are 
imbedded  in  a  felsltic  matorix  with  a  splintery  fractnre.  Under 
the  microscope  there  appears  an  irregular  aggregation  of 
quartz-grains  and  feldspar- crystals,  and  this  is  traversed  in  all 
directions  by  a  dirty-greenish  granular  substance  through  which 
the  whole  receives  the  appearance  of  an  irregular  mesh  or  net- 
work. In  quantity  the  quartz  is  predominant;  the  feldspars  are 
prevailingly  striated. 

Where  the  green-colored  substance  is  massed  in  somewhat 
greater  quantities  between  the  quartz  and  feldspar-crystals  one 
can  plainly  observe  that  it  shows  no  pleochroism  between 
crossed  nicols  on  rotating  the  preparation,  as  it  remains  totally 
dark.  Under  stronger  magnification  it  dissolves  itself  into 
greenish,  pipe-like  bodies,  fiakes,  pellicles  and  in  still  smaller, 
short,  apparently  colorless  microliths,  which  however  by  tam- 
ing the  micrometer  screw  also  become  green  and  are  therefore 
sections  of  fiakes  lying  in  the  various  strata  of  the  preparation. 
Where  the  pipe  like  bodies,  filled  with  a  greenish  pigment,  lie 
between  neighboring  quartzes  and  feldspars,  a  parallel  arrange- 
ment among  them  can  be  detected,  and  they  are  placed  at  right 
angles  on  the  edges  of  the  crystals.  They  also  penetrate  in  bo 
the  quartz  and  feldspar  and  sometimes  completely  fill  the  latter 
while  the  quartz  usually  appears  clear  and  does  not  show  many 
cavities  or  dark-edged  bubbles.  Karely  was  I  able  also  to  dis- 
cern moving  bubbles.  Yet  the  quartz  could  be  sufficiently  re- 
cognized by  its  clearness,  smooth  surface  and  active  poiariza^ 
tion.  Magnetic  iron  appears  in  small,  separated  accumulations 
which  by  the  strongest  magnification  dissolves  only  along  the 
edges  into  small  grains.  The  similarly  formed  particles  of  a 
dirty-brown  color  originate  apparently  from  the  decomposition 
of  the  magnetite. 

We  therefore  have  here  an  imperfectly  slaty,  crypto-crystal- 
line  rock  composed  of  quartz,  plagioclase,  a  greenish  chloritic 
mineral  and  magnetite,  with  a  sub- crystalline  clay  slate  regu- 
larly interstratified,  which  agrees  in  its  construction  and  nature 
with  the  horn-slates  as  it  was  recently  described  by  R.  Credner* 
from  the  older  slate-formation  of  Saxony  and  which  was  form- 
erly called  felsyte-slate.  This  rock  apparently  was  regarded 
by  Norwood  as  well  as  by  Eames  as  green  stone.  Its  r^pular 
alternation  with  the  roofing  slate  in  thin  beds  but  in  a  very 
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tiiick  and  widely  distributed  slate-OHnplez,  points  however  de- 
cidedly againBt  the  acceptation  that  we  have  here  to  deal  with 
a  maesive  rock. 

For  comparison  with  the  hom-slate  I  also  undertook  a  de- 
faced microBcopic  examination  of  the  roofinff-slate.  The  fol- 
lowing description  is  based  od  a  thin  section  made  par&llel  with 
the  cleavage-planes.  Only  nnder  strong  magnification  does 
this  exceedingly  fine-gruned  slate-rock  resolve  itself  and  thea 
into  the  same  greenish  substance  which  to  some  extent  fonns 
the  cement  in  the  hom-slate  between  the  quartz  and  feldspar 
crystals;  only  that  in  the  rooflng-slate  it  has  a  far  greater  share 
in  the  composition;  one  sees,  besides  this,  bat  comparatively 
few  sections  of  an  anomaloiis  nature  which  are  first  brought  out 
by  polarized  light. 

The  pale-green  substance  is  throughout  not  columnar  and 
fibrous  but  chloritic  and  decidedly  scaly;  one  distiilcUy  recog- 
nizes the  same  fiakes  and  pellicles  as  in  the  clay-slate  and  can 
observe  how  the  fiakes  partly  cover  and  are  superimposed  on 
one  another.  In  polarized  light  they  shoir  do  change  but  re- 
main dark  in  taming  the  thin  section  between  crossed-nicols. 
Of  the  larger  sections  there  are  two  kinds:  light,  slightly  col- 
ored and  dark.  Some  of  the  light-colored  ones  give  distinct 
evidence  of  mica  scales.  They  polarize  very  lively,  havea  very 
Irregular  shape  and  are  mostly  fringed,  also  often  creased  and 
bent  over  on  the  edges.  They  are,  however,  to  be  regarded  as 
clastic  particles.  All  these  nearly  or  altogether  colorless  sec- 
tions cannot,  however,  be  referred  to  mica,  as  a  part  of  them 
appear  to  be  quartz.  The  dark  sections  are  sometimes  almost 
square,  occasionally  rhomb-shaped  and  often  wholly  irregular 
in  form.  Their  color  appears  in  polarized  light  light-yellow, 
yet  they  are  generally  filled  with  a  black  nntraosparent  sub- 
stance which  often  causes  them  to  appear  as  opaque  particles. 
In  direct  light  they  appear  in  the  dark  field  ae  faint  yellow  in 
color;  in  rare  instances  they  attain  the  size  of  O.lu.  the  major- 
ity, however,  remain  below  0.01--.  in  the  largest  sectaon.  The 
appearance  signifies  that  these  bodies  are  epidote. 

Besides  these  larger  sections  one  discerus,  however,  under  a 
magnification  of  400  diameters,  still  more  numerous  «nalter 
needle-shaped  forms  which  under  crossed-nicols  appear  in  tiie 
dark  chloritic  matrix  as  bright,  shining,  short  threads.  In  tam- 
ing the  section  they  become  light  and  dark  and  also  exhibit 
faint  colors;  rarely  do  they  attain  a  length  of  0.5—.  with  great 
thinness;  generally,  however,  they  are  not  over  0.00^-.  long, 
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and  when  compared  to  their  length,  somewhat  broader.  Mag- 
netic-iron can  be  observed  in  somewhat  large  dust- like  accumu- 
lations. Only  with  great  effort,  and  after  many  failures,  was 
it  possible  also  to  prepare  a  thin  section  transverse  to  the  cleav- 
age of  the  roofing-slates  sufficiently  thin  and  transparent  to  dis- 
tinguish the  various  particles.  This  showed,  first  of  all,  that 
in  contrast  to  the  aoove  observed  mica-  slates  the  slatiness  is 
not  dependent  upon  the  position  of  the  scales  of  a  single  ele- 
ment (in  that  case  of  the  mica),  but  on  the  contrary  that  all  par- 
ticles have  a  stretched  If^ering.  With  this  there  also  appears 
a  net-like  stacture,  in  which  the  colorless,  pellucid  elements  in 
parallel  lentile-shaped  aggregates  are  surrounded  by  a  green 
chloritic  substance.  These  now  appear  in  transverse  section  be- 
tween crossed  nicols  different  from  the  picture  presented  in 
the  longitudinal  section.  There  is  namely  a  polarization  appre- 
ciable and  at  the  same  time  a  lamellar  or  fibrous  structure  in 
the  sheets,  parallel  with  the  cleavage.  These  are  shown  plain- 
est when  the  direction  of  the  layers  forms  an  angle  of  45°  with 
the  principal  sections  of  the  nicol-prisms;  when  it  coincides 
with  one  of  the  principal  sections,  the  green  scales  appear  to-  - 
tally  dark.  Thin  splinters  of  the  roofing-slate  can  with  the  aid 
of  a  blow-pipe  be  melted  into  a  dark-green  glass;  the  thinest 
splinters  of  the  horn-slate,  however,  can  only  be  rounded  on  the 
edges;  after  heating  the  pale  green  of  the  transparent  edges  of 
the  splinters  changes  to  an  opaqne  brown-green.  Muriatic  acid 
had  no  effect  upon  the  sections  of  the  rooflng-slate  even  after 
heating;  powdered  it  was  not  appreciably  affected  by  sulphuric 
acid. 

After  all  this  the  difference  between  the  horn-slates  and  the 
interbedded  roofing-slates  appears  in  the  greater  content  of 
quartz  and  feldspar,  while  the  latter  contains  more  chloritic  pro- 
perties, and  microlites  the  proper  reference  of  which  remains 
uncertain. 

Midway  between  Thompson  and  fond  du  Lac,  a  small  village 
on  the  St.  Louis  river  and  up  to  which  point  this  stream  is  navi- 
gable, the  above  slate  system  is  nncomformably  overlain  by 
sandstone  layers  of  the  Lower  Silurian.  Lake  Superior,  as  is 
known,  forms  a  basin  in  these  strata  and  repeats  the  sfune  inter- 
relations along  the  whole  south  shore*.  Everywhere  the  Pots- 
dam sandstone  lies  in  undisturbed  deposits  upon  the  slate  knolls 

■Oompftiw  the  above  mentioned  geological  niKpotWlMxiDBlD  sod  H.  Oredner's:  Vor 
■llnrlsobe  Oebllde  der  "Oberea  Balblniel  von  Michigan"  Id  der  >!«lt.  derdeat.geol. 
a«Hel.,  1M0,  pages  G81  and  UO. 
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of  the  great  clay-chlorite-talk  slates  and  quartzytes  which  to- 
gether form  the  Huroniaii  formation.  Although  I  foond  no  or- 
ganic remains  in  the  sandstone  strata  oF  the  St.  Louis  river  yet 
they  undoubtedly  belong  to  the  Potsdam  sandstone  as  one  can 
conclude  with  reasonable  certainty  from  analogy  with  its  widely 
distributed  and  often  repeated  stratigraphic  relations  along 
lake  Superior,  and  .that  these  roofing  and  horn  slates  must  be 
assigned  to  the  Huronian. 

A  local  disturbance  of  the  inter-relations  of  the  strata  does 
not  exist  on  the  St.  Louis  river.  The  position  of  the  slates  of 
the  older  strata  is  similar,  so  far  as  opportunity  to  observe  them 
has  been  afforded,  everywhere  in  the  regions  of  the  Archssan 
slates.  1  also  did  not  find  in  the  vicinity  any  crystalline  rocks 
to  whose  influence  Norwood  had  earlier  ascribed  the  position 
of  the  bedding,  even  though  it  may  have  been  possible  for  him 
to  give  the  direct  proof  of  it.  I  do  not  doubt  but  that  further 
examination  of  this  portion  of  Minnesota  will  show  a  similar 
development  of  the  Huronian  system  as  that  already  described 
in  detail  for  northern  Michigan.  •  •  » 


The  Silurian  Melaphyr  and  Gabbro  of  Lake  Superior. 

The  great  clay  masses  already  alluded  to  in  die  description 
of  the  diluvium  which  on  lake  Superior  is  distinguished  by  its 
prevailing  red  color,  along  the  lower  course  of  the  St.  Louis 
river  conceal  the  older  formations  from  the  view  of  the  ob- 
server. This  certainly  very  young  formation,  which  has  never 
furnished  organic  remains,  rises  above  the  water  level  from 
600  to  700  feet.  It  is  on  account  of  these  deposits,  that  the  re- 
lations between  the  Lower  Silurian  and  the  crystalline  rocks 
cannot  be  determined  and  which  on  the  western  arm  of  lake 
Superior  forms  the  shore. 

At  the  terminus  of  the  Lake  Superior  railroad  near  the  steep 
cliffs  where  a  few  years  ago  the  new  city  of  Duluth  originated, 
at  several  places  these  rocks  are  well  exposed.  They  form  al- 
most the  entire  left  shore  of  St.  Louis  bay  and  the  bay  of  Su- 
perior. The  former  is  a  widening  of  the  mouth  of  the  liver; 
the  latter  is  formed  by  a  narrow  extension  of  the  land  separat- 
ing a  portion  of  the  lake,  and  because  of  its  protected  position 
it  forms  a  harbor  much  sought  after. 

The  configuration  of  the  western  end  of  lake  Superior  is  a 
most  remarkable  one.     Narrow  points  branch  off  from  the  shore 
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parallel  with  one  another,  and  meet  sunilar  extensions  from  the 
opposite  shore  of  Wisconsin.  They  stiU  have  between  their 
extremities  narrow  openings  affording  entrance  to  the  inner 
waters.  The  outer  of  these  land  extensions  '  'Minnesota  point" 
is  six  miles  long  and  has  a  general  width  of  only  600  feet.  It 
consists  of  coarse  pebbles  (shingle)  and  is  elevated  but  few  feet 
above  the  water-level.  The  pebbles  have  a  longish,  flattened 
shape  and  consist  mainly  of  melaphyrs  and  amygdaloids  with 
larger  and  smaller  calcspar  amygdules,  which  one  finds  contig- 
uous in  the  immediate  vicinity. 

Connor's  point  in  Wisconsin  and  Rice's  point  in  Minnesota 
divide  St,  Louts  bay  from  the  bay  of  Superior.  Between  them 
there  is  a  50  feet  deep  channel  through  which  the  waters  of  the 
St.  Louis  river  flow  into  the  lake.  Superior  bay  has  its  greatest 
depth  along  the  Minnesota  shore.  In  Wisconsin  the  inhabitants 
had  to  build  out  into' the  bay  several  hundred  feet  to  procure  a 
depth  of  nine  feet,  while  on  the  Minnesota  side  the  water  has 
a  depth  of  15  to  18  feet.  A  street  of  Dulnth  now  follows  along 
Minnesota  point;  the  railroad  company  has  cut  the  same  near 
its  junction  with  the  land  and  has  made  an  artificial  water  way 
protected  by  a  strong  breakwater.  The  natural  entrance  six 
miles  farther  south  is  variously  exposed  to  filling  up  with  sand; 
this  entrance  is  being  continually  improved  by  the  inhabitants 
of  Wisconsin  and  more  particularly  by  the  city  of  Superior,  a 
competitor  with  the  new  town  Dulnth. 

In  the  cliffs  near  the  city  of  Duluth  at  the  time  of  my  visit, 
the  soil  and  red  clay  had  been  removed  in  places  by  the  build- 
ing of  streets.  There  appear  essentially  two  totally  unlike 
crystalline  rocks.  One  of  these,  which  was  particularly  well 
exposed  at  the  railroad  depot,  I  have  already  given  in  my  first 
notice  of  Minnesota  as  a  gabbroid  or  hypersthene  rock.  Since 
the  examination  by  Prof.  Streng  it  has  actually  proven  to  be 
gabbro;  the  preponderance  of  labrador-plagioclase  with  equal 
quantities  of  hornblende  and  diallage  led  him  to  regard  it  as 
hornblende -gabbro.  Noticeable  in  this  rock  is  the  enormous 
wealth  of  feldspar  and  the  great  paucity  of  other  elements, 
which  are,  except  the  titanic  magnetic  iron,  difficult  to  detect 
between  the  feldspar-crystals  and  can  only  be  distinguished 
with  sufBcient  clearness  in  thin  sections.  The  distinct  twitming- 
striation,  the  plainly  marked  cleavage  planes,  the  lustre  and 
beautiful  changeable  colors,  and  the  results  obtained  in  the 
analysis  of  this  rock  all  point  to  the  labrador  nature  of  the  feld- 
spar. 
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The  pecnlar  fonuation  oi  this  rock  lends  probability  to  the 
Bnmiise  that  it  is  stratified — opposed  to  which,  however,  is  the 
general  distribution  which  it  bccnpies  on  the  cliffs  along  the 
St  Louis  river.  Unfortunately  it  was  not  possible  to  observe 
the  contact  relation  with  the  other  rock  series.  Its  last  ap- 
pearance is  several  miles  away  from  the  Lower  Silurian  strata, 
and  towards  lake  Superior  the  dense  primeval  forests  conceal 
it  from  observation. 

This  rock,  erroneously  named  Duluth  granite,  has  recently 
found  a  commoD  use  in  monumental  work  as  it  receives  a 
very  high  polish. 

A  short  distance  beyond  the  gabbro  (i.  e.  toward  the  east)  the 
beautiful  porphyry-like  melaphyr  forms  the  first  rocky  masses 
on  the  shore  of  lake  Superior.  In  contrast  with  the  gabbro 
above  described  is  a  green  rock  of  similar  composition,  which 
forms  on  t^e  St.  Croix  river  the  support  of  the  Potsdam  sand- 
stone, and  has  here  a  prevailingly  brown  color  and  greater 
tendency  to  embrace  amygdaloids.  The  latter  are  therefore  on 
the  western  shore  of  the  lake  widely  distributed  and  pass  grad- 
nally  into  the  compact  rock.  Under  a  magnifier  one  soon  recog- 
nizes that  the  prevailingly  brown  muddy  coloring  is  due  to  a 
profound  separation  of  the  individual  elements,  and  the  exami- 
nation of  a  thin  section  shows  particularly  the  feldspar  to  be 
impregnated  with  a  granular  substance  which  in  the  greatest 
magnification  is  no  more  definable.  The  presence  of  epidote, 
which  mineral  is  secreted  in  various  forms  on  the  hills,  and  ap- 
pears in  conjunction  with  calcspar,  laumontite,  and  a  dusty 
iron-and-a-manganese-rich  substance,  as  if  impregnating  the 
matrix  of  the  melaphyr,  points  likewise  to  the  change  which 
the  original  elements  have  suffered. 

At  one  place  only  was  there  a  slight  break  in  this  rock,  and 
there  it  seemed  to  appear  fresher,  having  adarkgreen-to-black 
color.  Here  it  appeared  in  connection  with  fine  non-porphyritic 
melaphyr  ;  whereas  the  immediate  passage  into  the  brown, 
epidotic,  melaphyr-porphyry,  which  has  a  much  larger  distri- 
bution, was  not  discernible. 

In  the  amygdaloids,  into  which  the  brown  melaphyr  passes 
insensibly  in  several  places,  the  decomposition  of  the  matrix 
has  gone  on  considerably  further.  The  Jongish  cavities  are 
filled  with  quartz,  calcspar,  a  chlorite- like  mineral  and  the  aiiove 
mentioned  dark,  dusty  substance.  There  are  also  long  crevices 
attaining  several  inches  in  size  which  are  filled  with  large  calc- 
spar leaves,  laumontite  and  epidote.     Of  a  filling  of  the  amyg- 
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daloids  and  crevices  with  copper  or  salt  of  copper,  as  it  occurs 
OQ  the  north  and  south  shores  of  lake  Superior  in  the  trap-like 
rocks  of  the  Huronifm  and  the  Lower  Silurian,  not  a  trace  was 
discovered  at  Duluth. 

Although  it  cannot  with  certainty  be  stated  what  relation  the 
melaphyr  and  gabbro  of  Duluth  have  with  the  sedimentary 
rocks,  yet  where  the  above  described  formation  appears  on  the 
St.  Louis  river,  the  succession  appears  to  me  to  allow  the  con- 
elusion  that  the  shores  of  the  western  arm  of  lake  Superior  are 
made  up  of  beds  in  the  Potsdam  sandstone,  and  that  they  prob- 
ably consist  of  dike-like  intrusions.  From  the  descriptions  of 
Owen,  Whittlesey,  and  others,  we  know  that  traplike  rocks, 
i.  e.  melaphyrs,  play  a  great  part  on  the  north  shore  of  lalce 
Superior,  and  that  they  appear  partly  in  a  conformable  position 
witii  the  strata  of  the  Potsdam  sandstone  and  partly  as  dykes. 
A  ridge  continues  along  the  northern  shore,  and  is  composed 
of  crystalline  slates  and  other  Archaean  rocks.  It  extends 
from  four  to  six  miles  into  the  land,  with  its  greatest  elevation 
from  600  to  1,000  feet  above  the  water  level.  From  the  crest  of 
this  ridge  the  rocks  descend  gradually  towards  lake  Superior, 
and  here  lie  against  the  Silurian  strata  with  a  southerly  dip. 
A  number  of  winding  streams  have  their  origin  on  this  ridge, 
rapidly  descending  through  the  various  massive  and  stratified 
rocks,  affording  numerous  exposures  of  the  relations  of  the 
often  very  complicated  strata.  Some  of  these  by  their  indica- 
tions of  copper  have  obtained  a  certain  notoriety,  and  are  still 
regarded  as  rich  in  copper  by  many  people ;  this  is  particularly 
so  in  the  French  and  Knife  Kiver  districts,  which  are  also 
within  the  limits  of  Minnesota. 

To  similar  intrusions  the  above  mentioned  land-projections, 
which  extend  in  front  of  the  St.  Louis  river  in  a  manner  similar 
to  the  low  ground  in  front  of  the  river-mouths  of  northern 
Germany,  point ;  but  here  .they  have  a  totally  different  origin. 
Whittlesey  has  set  up  the  proposition  that  the  trap-like 
rocks,  which  contain  metallic  copper,  are  of  the  age  of  the 
Potsdam  sandstone,  white  those  containing  sulphides  belong  to 
the  Huronian.*  And  also  that  the  copper  bearing  dykes 
become  barren  as  they  pass  from  the  "trap"  into  the  sandstone. 
The  first  portion  of  this  proposition  if  proven  would  be  of 
great  importance  to  Lake  Superior  copper  mining,  still  I 
i>elieve  I  am  forced  to  doubt  its  general  accuracy.     The  dia- 

•WhinleMf'B  Report  of  ISM.  page  B. 
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base-like  melaphyr  of  the  St.  Croix  river,  which  is  older  than 
the  Potedam  sandstone,  is  numerously  traversed  by  dikes,  in 
which  of  course  now  and  then  occur  sulphides.  Coostantly, 
however,  I  found  with  it  also  pure  copper  in  soft  leaves  and 
3egregationB  or  in  threads,  tbin  sheets,  even  in  wire  and  button- 
shaped  masses.* 

On  the  other  hand,  a  dike-rock  from  the  horizon  of  the  Pots- 
dam sandstone  of  the  Knife  River  district  about  30  miles  east 
of  Duluth,  bad,  besides  pyrite,  only  sulphuret  of  copper  in 
slight  segregations,  without  a  trace  of  pure  copper. 

At  most  localitieB  where  Horouiau  or  Silurian  melaphyrs 
appear,  traces  of  copper  have  been  foand  in  the  crevice-fillings. 
On  the  surface  of  the  melaphyr  of  the  St.  Croix  river  one  often 
sees  feldspar  veins  of  but  few  inches  thickness  which  become 
wider  at  greater  depths.  One  of  these  veins  which  could  be 
traced  on  the  surface  for  several  hundred  feet  had  at  a  depth 
of  twenty  feet  a  thickness  of  nearly  2i  feet.  The  samples 
from  this  dfpth  consisted  of  a  much  decomposed  rock  rich 
in  feldspar  and  lime,  traversed  with  pure  copper  and  sul- 
phurets,  however,  only  in  small  segregations  and  not  in 
sufficient  quantities  to  undertake  large  trial  workings. 

The  larger  masses  of  pure  copper  which  up  to  this  time 
have  occasionally  been  found  in  Minnesota,  come  from  the 
boulder-strown  hills  of  the  diluvium.  I  also  met  with  them 
along  the  river  beds  o'£  the  St.  Croix  and  the  Kettle  rivers, 
and  also  from  the  eastern  portion  of  the  city  of  St.  Paul. 
As  similar  copper  drift  has  been  found  much  farther  south, 
even  in  the  state  of  Ohio,  in  the  "drift  formation"  one  is 
justified  in  looking  for  their  origin  in  the  vicinity  of  lake 
Superior,  and  it  is  certainly  to  be  deplored,  as  still  often 
happens,  that  such  foundlings  awaken  an  expectation  of  find- 
ing a  great  richness  of  copper  in  the  vicinity. 


A  short  resumi^  of  the  results  obtained  and  a  condensed 
view  of  our  present  knowledge  of  the  geognostic  relations  of 
Minnesota  may  conclude  these  observations. 

Within  the  limits  of  this  state  there  have  been  determined 
with  accuracy  :  the  Archeean  series;  the  strata  of  the  Lower 
Silurian  and  Middle  Cretaceous  ages.  In  the  southern  part 
of  the  state  there  can  probably  also  be  added  the  Upper  Si- 

Ir^n  Koa  Mlnneiota,  In  der  Z.  d.  deutachen  E«olt 
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lurlan  stratA,  which,  however,  soon  thin  out  and  have  as  yet 
furnished  no  characteristic  fossils. 

The  Archman  ^roup  in  the  middle  portion  of  the  state  is 
partieularly  represented  by  massive  crystalline  rocks,  chiefly 
composed  of  non  homblendic  aod  homblendic  granites  ( syenite 
granites),  diorites  ( augite  diory tes)  as  well  as  melaphyr-like 
rocks.  Upon  these  succeed  the  crystalline  slates,  namely  mica- 
slates,  horn-slates  and  chloritic  slates,  which  are  usually  formed 
as  rooflog  slates  and  in  which  gneiss  is  observably  wanting  or 
at  least  very  inconspicuous.  In  the  north  the  crystalline, 
massive  and  slaty  rocks  have  a  very  large  distribution,  and 
there  it  can  be  shown  that  the  sequence  of  the  Liatirentian  and 
Huronian  systems  is  analogous  to  that  of  Canada,  Michigan 
and  Wisconsin.  The  Archeean  slates  through  lateral  pressure 
are  similarly  elevated  over  great  areas,  as  can  be  observed 
everywhere  along  the  edges  of  the  massive  Lanrentian.  On  the 
knolls  of  the  younger  Huronian,  preponderateingly  chloritic- 
8lates,or  on  the  diabase-like  melaphyrs,wbichbelongto  the  same 
age,  lie  in  a  horizontal  position  the  Lower. Silurian  sandstone 
strata.  The  latter  have  a  great  distribution  and  join  directly 
the  strata  of  the  same  age  in  Wisconsin.  They  are  similarly 
traversed  there  as  in  western  Canada  by  melaphyrs;  melaphyr 
out- pourings  have  also  spread  over  them  and  now  alternate  with 
them  while  they  are  again  traversed  by  copper-bearing  dikes. 
As  probable  inclusions  in  the  Potsdam  sandstone  can  also  be 
added  the  hornblende-gabbro  of  Duluth. 

A  rock  with  hardly  less  areal  distribution  than  the  Potsdam 
sandstone  is  the  following  member  of  the  Silurian — the  lower 
dolomyte  of  the  Mississippi;  it  is  a  constant  associate  with  the 
sandstone.  Of  far  less  importance,  however,  are  the  younger 
strata;  as  the  disintegrating  nature  of  the  St.  Peter  sandstone 
has  caused  the  disappearance  of  this  as  well  as  the  super- 
imposed destructible  strata  of  the  Trenton  limestone  over 
great  areas  in  the  central  portion  of  the  state,  and  it  now 
appears  in  several  separated  regions.  The  Silurian  strata 
apparently  lie  everywhere  horizontal  but  have  a  slight  dip 
which  in  the  southern  part  of  the  state  is  southerly  while 
beyond  Mountain  lake  it  is  toward  the  north. 

Above  the  Silurian  the  various  formations  are  wanting  up  to 
the  Cretaceous  i>eriod,  at  least  none  have  been  seen  up  to  this 
time.  It  appears,  therefore,  that  this  middle  portion  of  the 
North  American  continent  during  this  enormous  time  was 
elevated  above  the  ocean  surface.     In  the  wide  valleys  of  the 
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MiBsissippi  and  St  Peter  rivers  there  can  also  be  seen  evidenoes 
of  great  erosion,  and  at  St.  Paul  on  both  sides  of  the  stream  it 
is  apparent  in  the  vast  accumulation  of  boulders  composed 
almost  entirely  of  Silurian  limestone,  how  powerfolly  these 
strata  have  been  affected. 

First  during  Cretaceons  times  was  the  western  portion  of 
the  state  again  covered  by  the  sea,  and  it  formed  a  portion  of 
the  great  Cretaceous  ocean  whose  depostte  can  be  stndied 
along  the  Missouri  in  the  most  complete  manner.  The  eastern 
shore  of  t^is  great  salt-water  basin  lay  within  the  present 
region  of  the  Mississippi.  Whether  Tertiary  deposite  were 
present,  and  later  have  disappeared  through  erosion  to  a'  few 
outliers,  is  uncertain.  The  predominanng  clayey  and  sandy 
Cretaceous  formations  have,  at  least  again  suffered  great 
erosion. 

Diluvial  formations  are  represented  in  great  thickness  and 
cover  the  southern  and  middle  portions  of  the  state,  making  it 
very  difficult  to  investigate  the  lower  formations.  These 
youngest  deposits  oan  be  separated  into  two  natural  groups, — 
the  clayey-marls  and  the  sandy  gravel  diluvium;  and,  further, 
the  latter  covers  the  unstratified  clay  and  marl  beds  where  the 
two  come  together. 

The  diluvium  determines  the  configuration  of  the  ground  lUid 
forms  adjoining  step-like  successions  of  table  lands.  The 
largest  and  deepest  river  valleys  penetrate  the  diluvium  to  the 
Silurian  and  Huronian  strata;  the  majority  of  the  water- 
courses, however,  have  cut  down  only  to  the  clayey  diluvial 
deposits.  The  massive  rocks  of  the  Archsean  group  in  the 
vicinity  of  the  Mississippi  and  in  the  valleys  of  the  Sauk  and 
St,  Peter  rivers  project  above  the  diluvial  formation.  These 
are  also  for  the  greater  part  removed  from  observation  by  the 
plateau  like  diluvial  deposite  and  only  in  the  presence  of  a 
higher  plateau,  which  on  the  St.  Peter  and  Mississippi  rivers 
joins  with  that  of  the  northern  part  of  the  state,  give  evidence 
of  the  existence  of  a  tongue  of  Laurentian  rock  transversely 
traversing  the  state.  The  restricted  hilt  ranges  towering 
above  the  table-land  consist  mainly  of  accumulations  of  bould- 
ers and  presumably  had  their  origin  in  currents  or  by  the 
action  of  later  erosion.  Of  high  interest  are  the  hydrographic 
relations  of  the  low  watersheds  separating  the  great  river 
systems.  The  waters  now  flow  from  a  central  high  plateau  in 
three  directions;  it  is,  however,  probable  that  the  northerly 
direction  of  the  western  stream,  the  Red  river  of  the  North, 
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waa  flret  ^ven  to  it  in'  recent  times,  and  that  at  an  earlier  date 
all  Tatars  found  an  exit  either  towards  the  south  through  the 
Mississippi  valley  or  easterly  through  the  great  lakes. 


m.     CHEMISTRY. 


REPORT  OF  PROFESSOR  JAMES  A.    DODGE. 

University  or  Minnesota,        ( 
Minneapolis,  Nov.  30,  1891.  f 

Dear  Sir:  I  hereby  submit  to  you,  for  publication  in  the 
report  of  the  State  Geological  Survey,  a  copy  of  the  results  of 
tiie  chemical  uialyses  of  minerals,  etc.,  made  for  the  survey  by 
tiie  Chemical  Department  of  the  University  since  the  last  re- 
port 

OHBHICAL  BEBIES  NO.  IM. 

A  sample  of  black  sand.     Analysis  by  J.  A.  Dodge. 

ffllica, SiO,  B.lSpercent. 

Alumina Al,  O,  2.95    •'      " 

Lime OaO  traces 

Magnesia MgO  .36     "      " 

Oxide  of  titanium Ti'O,  36.77     "      " 

Protoxide  of  iron FeO  32.29    "      " 

Magnetic  oxide  of  iron Fe,0,  22.10    "      " 

Phosphorus none. 

Sulphur none. 

Chromium none. 

Total 99.65 

This  sand  was  but  little  attracted  by  the  magnet. 

OHEHIOAL  SEBtES  NO.  IH. 

A  sample  of  iron  ore.     Analysis  by  J.  A.  Dodge. 

Metallic  iron 47.07  per  cent. 

Phosphorus .09     "      " 

Oxide  of  titauium TiO,        traces. 

OHEUTOAL  BERIEB  NO.  IM. 

A  dark  gray  crystalline  rock.    Analysis  by  J.  A  Dodge. 
Oxide  of  titanium TiOi       none. 

CHEUTOAL  BEBIES  NO.  IM'. 

Supposed  gold  ore.     Assayed  by  0.  F.  Sidener. 
Gold,  none.     Silver,  none. 
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CREHIOAL  8EBI1!8  NO.10T. 

A  hematite  ore.     Analysis  by  C.  F.  Sidener. 

Silica. SiO, 

Alumina AbO, 

Lime  and  magnesia 

Ferric  oxide Pe,0, 

Manganese 

Titanimn 

Sulphur 

Phosphorufi 

Total 


8.25  per  cent 
traces, 
traces. 


none, 
none, 
none. 


100.42 


OHEUIOAL  SEBIEB,  NO.  198. 

A  sample  of  ore.     Analysis  by  C.  P.  Sidener. 

Silica. SiO,  39.70  per  cent. 

Arsenical  pyrites 60.30 

OHEUIOAL  SERIES  NO.  IW. 

A  sample  of  kaolin.     Analysis  by  G.  F.  Sidener. 

Silica SiO,  63.64  per  cent 

Alumina A1,0,  24.95 

^Ferric  oxide F«sOg  4-90 

Lime CaO  1. 02 

Magnesia MgO  .20 

Soda Na,0  .66 

Potassa. KjO  .31 

Water  and  organic  matter 4. 32 

Total 100.00 

OHEUIOAL  SEttlES  NO.  »0. 

A  reputed  ore  of  silver,  from  the  "Silver  Star  Lode,"  near 
Cable,  Wis.,  sent  by  Mr.  P.  L.  McKusick,  of  Stillwater,  Minn. 
Assay  by  J.  A.  Dodge. 

Gold very  slight  traces. 

Silver none. 

OHKUtCAL  SERIES  NU.  JOI. 

A  sample  of  water  from  a  deep  well  at  Stillwater,  Minnesota. 
Analysis  by  C.  F.  Sidener. 

Chlorine 30420  parts  per  million. 

Bromine 240     " 

Reduced  to  grains  per  gallon  U.  S. 

Chlorina 1,774.4  grwns. 

Bromine 14.0      " 
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UHEHICAli  BEBIE8  NO.  90!. 

An  oliviiiitic  magnetite.     Analysis  by  C.  F.  Sidener. 

Silica SiO,  11.39  per  cent 

Alumina -Alt^,  traces. 

Magnetic  oxide  of  iron Fe,04  85.55     " 

Lime CaO  .22    "      " 

Magnesia MgO  3.44     "      " 

Oxide  of  titanium TiO,  none. 

Sulphur traces. 

Phosphorus. .02     "      •' 

Total 100.62 


CHEMICAL  BEBIES  NO.  aOB. 

A  titaniferous  magnetite.     Analysis  by  C.  F.  Sidener. 


Silica SiO, 

Alumina. A1,0, 

Magnetic  oxide  of  iron ^6,0^ 

Protoxide  of  iron PeO 

Oxide  of  titanium TiOj 

Lime OaO 

Magnesia MgO 

Sulphur 

Phosphorus 


11.37  per  cent 

1.32  "  *■ 

53.88  "  " 

14.4a  "  '• 

16.03  "  ■' 

.10  "  " 

2.73  "  " 


Total. . 


CHEMICAL  SERIES  NO.  2M. 

A  green  siliceous  rock.     Analysis  by  C.  F.  Sidener. 

Silica SiO, 

Alumina , ^t^t 

Ferric  oxide Pe,0, 

Ferrous  oxide PeO 

Lime CaO 

Magnesia MgO 

Soda Na,0 

Potassa K^O 

Water H,0 

Phosphorus 

Total 
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OHEUIOAL  BEBIB^  NO.  «I5. 

A  Diabetic  iron  ore.     Analysis  by  C.  F.  Sidener. 

Silica SiO,  11.85  per  cent 

Alumina. Al/),  .34 

Magnetic  oxide  of  iron FejO,  67.00 

Lime CaO  .20 

Magnesia MgO  .80 

Oxide  of  titaniom TiC^  none. 

Sulphur traces. 

Phosphorus .056 

Total 100.246 

OHEHIOAL  BBBIE8  NO.  Wt. 

A  limonite  ore.     Analysis  by  C.  F.  Sidener. 

Silica SiO,  8.52  per  cent 

Ferric  oxide Fe,0,  87.10  "      " 

Lime CaO  traces.  "      " 

Magnesia MgO  traces.  " 

Sulphur traces.  " 

Phosphords .023  "      " 

Water H,0  9.70  "      ■' 

Total 300.343    "      " 

OHEHIOAL  SEBIEB  NO,  SOT. 

A  sample  of  borings  from  a  well  at  Mankato,  Minn.,  counting 
mainly  of  magnetic  oxide  of  iron.  Analysis  by  C.  F.  Sid^ier. 
Oxide  of  titanium none. 

OHEHIOAL  SEBIEB  NO.  3». 

A  sample  of  rock,  showing  black  mica,  feldspar  and  quarts, 
reputed  to  contain  silver.     Assay  by  J.  A  Dodge. 
Silver none. 

OHEHIOAL  BEBIE8  NO.  iO«. 

An  iron  ore.     Analysis  by  C.  F.  Sidener. 

Silica Si<^  10.90  per  ceuL 

Alumina A1,0,  5.83     "  " 

Ferric  oxide Pe^,  70,39    "  " 

Ferrous  oxide FeO  '    8.75    " 

Lime CaO  1.20    "  " 

Magnesia MgO  1.50    "  " 

Sulphur .47    "  '■ 

Phosphorus .022  "  " 

Oxide  of  titanium TiOi  none. 

Total 99.062  '■     *' 
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OHEUIOAL  BSRIKB  NO.  KXt. 

An  iron  ore.     Analysis  by  C.  F.  Sidener. 

Silica SiO,  3.62  per  cent. 

AlxuniDa AliO,  traces. 

Feme  oxide Fe,C^  96.76    "      " 

Lime CaO  traces. 

Ma^esia. MgO  traces. 

Sulphur. none. 

Phosphorus .093  '•      " 


Total.. 


OHEHIOAL  SBHIGa  NO.  HI. 

A  siliceous  material  with  a  somewhat  foliated  appearance 
Analysis  by  J.  A.  Dodge. 

Silica SiO,  60.05  per  cent 

Alumina AljO.  27.55 

Ferric  oxide Fe,0,  1.30 

Lime CaO  .38 

Magnesia MgO  .77 

Soda Na,0  .31 

Potassa. K,0  4. 26 

Phosphoric  oxide P|Ot  .11 

Water H,0  5.30 

Total 100.03 

Tbe  material  is  to  be  regarded  as  a  kaolin  mixed  with  some 
undecomposed  feldspar. 

OHEHIOAL  8EB1EB  NO.  02. 

A  sample  of  quartz  and  pyrite.    Assay  by  J.  A.  Dodge. 

GJold traces. 

Silver none. 

OHEHIOAIi  SERIES  NO.  213. 

A  sample  of  quartz  and  pyrite.     Assay  by  C.  F.  Sidener 

Gold none. 

Silver. none. 
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OHEHIOAL  BEBIEB  NO.  tU. 

A  green  mineral.     Analysis  by  0.  F.  Sidener. 

Silica SiO,  43.96  per  cent 

Alumina A1,0»  16.03     "      " 

Ferric  oxidp Fe,0,  10.50     •'      " 

Ferrous  oxide PeO  8.74     "      ■■ 

,  Lime CaO  9.54     -      '* 

Magnesia MgO  6.56    " 

Soda Na,0  1.62     "      '■ 

Potassa K,0  .27     "      ■' 

Water H,0  1.64    "     " 

Total 99.06     "      " 

OHEHIOAL  8BBIES  NO.  SIS. 

A  dolomitic  rock.     Analysis  by  C.  F.  Sidener. 

Silica SiO,  2.70  per  cent 

Alumina A1,0,  .35  '•      " 

Ferricoxide Pe,0^  17.23  *•      " 

Ferrous  oxide FeO  8.35  " 

Carbonate  of  lime CaCX),  49.80  "      " 

Carbonate  of  magnesia MgCO,  19.65  "      " 

Soda Na.0  .20  "      " 

Potassa K,0  .04  "      " 

Water H,0  .47  "      " 

Total 98.79  "      " 

OHEHIOAL  BEBIE8  NO.  ZIfl. 

A  sample  of  crystalline  rock.    Analysis  by  J.  A.  Dodge. 

SUica Si,0  67.42  per  cent 

Alumina. A1,0,  15.88  "      " 

Ferricoxide Fe^O,  1.37  "      " 

Ferrous  oxide FeO  1.14  " 

Manganese traces. 

Lime ...CaO  3.49  "      " 

Magnesia MgO  1.43  " 

Soda Na,0  6.42  *•      ■' 

Potassa K,0  2.65  ■'      " 

Phosphoric  oxide P,Og  .07  "      " 

Oxide  of  titanium TiO,  none. 

Water H,0  .05  •■      ■* 

Total 99.92 

Very  respectfully  yours, 

JAMES  A.  DODGE,  Prof.  Chemistry. 
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NoTB.— The  foreffoii^^  aubstaacaa  were  derived  as  follows; 

Ohem.  Seria  194.~lTon  sand,  flue,  a  few  of  the  grains  being  magDetic. 
Birch  lake  beach,  one  mile  west  of  the  mouth  of  Dunka  river. 

Chem.  Series  19S.—Iroa  ore,  Geol.  Surrey  No.  1024,  from  J.  Sausmau's. 
Schistose  ore,  east  of  Garden  lake. 

Chem.  Seria  J9e.—01  It  Initio  ore,  Geol.  Sur.  No.  97«.  Prom  SW.  i  Sec. 
10,  62-12. 

Chem.  Seriea  19^'.— Supposed  gold  ore  26e(H)submltted  by  H.Y.  W.,  Aug. 
22, '87. 

Cft«n.Ser»M.JS7.-^Iron  ore,  Prairie  Elver  Falla,  Geol.  Sur.  No.  260  A. 
(H).    Foot  of  the  lower  fails. 

Chem.  Series  198.— A  heavy,  white,  metallic  ore,  said  to  have  been  found 
on  White  Iron  lalie,    [Dovonau). 

Ch«m.  Beriee  1S9.  —Kaolin,  from  near  Brownsdale,  Minn.  From  Hr.  W. 
M.  Jones,  of  C.  St.  P.  &.  K.  C.  By. 

Chem.8enea  SOO.—Otq  from  Sliver  Star  Lode,  Cable,  Wis.  For  F.  L.  Mc- 
Kuslcfc,  to  compare  with  report  of  "Lebnen"  in  St.  Paul. 

Cftem.  Serits  20J.— Brine  from  the  Stillwater  deep  weell. 

Cftem.  Seriea  ft>2.-01ivinitlc  magnetic,  Geol.  Sur.  No.  406  (H).  SE.  1 
Sec.  30,  62-10. 

Cftem.  iSeries  A».— Titanlferous  magnetic,  Geol.  Sur.  No.  414  (B).  SE.  1, 
NE.  1  Sec.  36,  83-10. 

Chan.  Series  iOJ.— Green  roclc,  Geol.  Sur.  No.  638  B.  (H).  Dlabaslc  rock, 
ten  feet  from  contact  with  Jaspttyte,  SW.  i,  NW.  i  Sec.  4,  63-0. 

Chem,  Berita  305.— Magnetic  iron  ore,  Geol.  Sur.  No.  360  A.  (H).  SW. 
side  of  Iron  lake,  NB.  i  Sec.  23, 60-13. 

Chem.  Series  f06.--Llmonit«,  GeoL  Sur.  No.  364  (H).  Mallmann's  work- 
ing, 8ec:  20,  &0-14. 

Chem.  Seriea  £07.— Magnetic  particles  from  the  Hankato  well,  (at  Mlo- 
neopa).    First  rock  below  the  red  quartzite,  (No.  10  of  the  section). 

Chem.  Series  #08,— Sample  of  gneiss,  from  Auditor  Braden.  Said  to  have 
silver— so  reported  by  "Lehnen,"  from  his  explorers  on  state  lands  In  the 
northern  part  of  the  state. 

Chem  Series  f09.— Magnetic  iron  ore,  from  the  north  side  of  Long  lake, 
from  the  Vermilion  series  of  roclis,  Geol.  Sur.  No.  .543  [H). 

Chem.  Series 210.— A.D  amorphous  hematite,  from  the  Mesabi  (Animikie) 
east  of  Grand  Brplds;  the  Warner-Griffin  location. 

Chsm,  Serie««l.— White  kao]inic"aoap8tone"  Geo!.  Sur.  No.  1440,  stone 
mine. 

Chem.  Series  217.— Fyritifereous  quartz,  Eagle  lake.  Geol.  Sur.  No.  IGOl. 
Supposed  to  contain  gold. 

Cftem.  Series  f  J5.— Fyrltlferous  quartz,  and  slate,  supposed  to  represent 
the  "gold  ores"  of  Vermilion  gold  eititement  in  1870.  Geol.  Sur.  Nos. 
396,  396,  397,  398,  400,  423,  428.    All  used  as  one  sample. 

Ohem.  Seriet  f  1 J.— Kawasachoug  rock,  Geol.  Sur.  No.  356. 

Chem.  Series  fi£.— Dolomitlo  or  aodorlc  ruck,  [from  the  ^Anlmikte,  on 
GunfllDt  lake,  Geol.  Sur.  No.  312. 

Chem.  Series  S/6.— Forpbyritic  conglomerltic  rock,  from  Kekekebic  lake, 
Geol  Sur.  No. ?  N.  H.  W. 
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IV.— THE  WOODS  OF  MINNESOTA. 


By  H.  B.  Aykes, 

Agent  of  the  Porestrr  mrlsion,  DepaTtmeat  oF  A^loaltare,  Wwhlngton.  D.  0. 

Among  the  natural  stores  so  placed  as  to  encourage  the  pio- 
neer and  develope  the  manly  hardihood  characteristic  of  the 
woodsman,  the  explorers  of  Minnesota  found  one  of  the  grand- 
est forests  in  one  of  the  most  accessible  locations. 

The  conception  first  formed  of  the  condition  of  the  existing 
woodlands,  is  that  all  possible  conditions  are  formed,  and  that 
they  cannot  be  classified.  Yet  after  the  ceaseless  variations 
have  passed  before  the  mind  general  classifications  gronp  them- 
selves, and  several  portions  of  the  wooded  area  stand  oat  as 
having  chariKteristics  that  distinguish  them  and  separate  the 
whole  into  groups.    These  groups  are: 

(1 )  The  brush  prairie  bordering  the  first  elevation  above 
the  plains  on  the  south  and  west.  The  growth  here  is  rose, 
hazel,  thorn,  plam,  choke  cherry,  scrnb  oak,  poplar,  etc., 
with  a  stunted  growth  of  the  hardwood  timber  trees. 

(2)  The  hardwood  belt  of  oak,  maple,  basswood,  elm,  birch, 
poplar  and  ironwood  on  fertile  undulating  land  dotted  with 
lakes  and  broken  by  prairie  openings.  This  land  is  now  mostiy 
in  the  hands  of  private  owners,  farmers,  who  are  as  a  rule  do- 
ing well. 

(3)  The  jack  pine  and  norway  belt  marking  in  general  tiie 
border  of  a  second  elevation,  a  beach  formation  of  sand  and 
gravel,  mostly  non-agricultural,  except  in  Hubbard  Co.,  ^most 
annually  burned  over,  sparsely  timbered,  yet  saved  from  de- 
nudation by  the  wonderful  reproductive  power  of  the  scrub 
pine  (P.  banksiana),  under  shelter  of  which  the  norway  pine 
(P.  reslnosa),  develops  rapidly  into  a  valuable  timber,  and 
by  the  poplar  under  which  the  white  pine  is  apt  to  start.  This 
belt  is  well  developed  north  west  of  Brainerd  and  no  the  east 
grades  into  the  pine  barrens  of  Wisconsin.  It  is  frequently 
broken  by  areas  of  poplar  and  white  birch,  while  much  white 
pine  exists  here  and  there  on  the  heavier  soils. 

(4)  The  white  pine  region,  infinitely  varied  with  hardwoods, 
norway  and  jack  pine,  cedar  andtamarac  swamps,  and  opener 
spruce  bogs  bordering  the  numerous  lakes  or  occupying  their 
old  beds.    In  general,  this  region  is  brushy  where  not  heavily 
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timbered,  and  so  well  watered  with  so  little  fall  that  bat  little 
white  pine  is  more  than  five  miles  from  drivable  streams. 

Nearly  all  of  the  streams  of  this  region  head  In  the  open 
bogs,  which,  where  partly  shaded  by  spruce,  make  enormons 
growth  of  sponge-like  spagnnm  moss  holding  the  ice  of  wiatei 
until  June  and  July  and  preserving  a  supply  of  water  that  the 
explorer  may  find  under  some  upturned  root,  well  into  if  not 
throughout  the  drought  of  August  and  September. 

The  soil  here  is  usually  loam  or  clay  and  supports  a  consid- 
erable growth  of  hardwood,  among  which  the  white  pine 
reaches  its  most  perfect  development. 

Much  of  this  whole  area  has  been  stripped  by  fire  even  before 
the  loggers  increased  the  liability  to  fire  by  the  tops  they  leave 
in  the  woods;  and  by  the  greater  drying  of  the  forest  floor  by 
exposure  to  sun  and  wind,  in  the  openings*  they  have  made. 

It  has  been  estimated  that  thirty  years  ago  over  40, 000, 000, 000 
feet  of  pine  were  standing  on  the  25, 000,000  acres  of  forest  in  the 
state.  Since  that  time  busy  milling  towns  have  started  up 
here  and  there  as  if  by  magic  and  loggers  and  choppers  have 
swarmed  into  the  forest  until  the  average  number  of  men  now 
employed  in  preparing  forest  products  for  market  reaches 
about  17,000,  and  the  value  of  the  product  as  placed  upon  the 
market  amounts  to  about  $31,635,000. 

Must  the  industry  soon  declinef 

The  answer  is  a  prompt  and  positive — No. 

If  timber  were  a  deposit,  like  beds  of  iron  ore,  with  no 
power  to  reproduce  itself,  we  could  readily  estimate  the  time 
of  the  end. 

'  In  such  a  case' we  could  see  that  with  the  present  snpply  of 
standing  timber— say  20,000,000,000  feet,  17  years  more  would 
leave  the  state  stripped. 

But  where  Are  is  kept  out  forests  reproduce  themselves,  and 
the  accretion  by  growth,  while  small  and  of  comparatively  lit- 
tle value  in  woods  cut  without  any  view  to  reproduction,  in 
woods  cut  at  such  a  time  and  in  such  a  manner  as  to  give  the 
seedlings  and  sprouts  the  best  chance  to  make  a  rapid  "second 
growth"  the  annual  increment  under  the  best  forest  manage- 
ment in  Europe  has  averaged  about  55  cubic  feet  per  acre;  one- 
third  of  which  should  be  estimated  as  log  timber. 

To  produce  an  annual  growth  of  1,200,000,000  feet  B.  M.— 
(the  latest  annual  cut) — would  at  this  rate  require  5,500,000 
acres. 
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In  moumfnl  contrast  with  these  results  obtained  in  Prussia, 
stands  the  estimate,  thongh  roughly  made  and  presented  with 
some  hesitancy,  yet  approximating  the  fact,  that  tiie  24,960,000 
acres  of  wooded  area  in  the  state  did  not,  last  year,  grow  more 
than  200.000,000  feet  B.  M.  of  log  timber.  In  other  words 
50,000,000  acres  of  such  forest  as  ours  in  its  present  condition 
would  be  required  to  grow  the  amountgrownon  5,500,000  acres 
of  well  managed  forest,  and  our  forests  are  thus  only  produc- 
ing less  than  one  ninth  of  what  they  might. 

We  must  not,  however,  forget  that  of  the  24,960,000  acres 
now  wooded,  probably  one- half  will  eventually  prove  more  val- 
uable as  agricultural  than  as  forest  land,  and  suould  be  partly 
cleared.  This  would  leave  the  area  that  should  always  be  kept 
in  forest,  i.  e.  the  lands  unprofitable  for  agriculture  as  compared 
with  forestry,  about -12,500,000  acres,  which,  as  above,  shonld, 
under  management,  produce  twice  our  present  annual  cut  of 
log  timber,  and  400,000,000  cubic  feet  of  other  material  for 
woodworking,  fuel,  etc. 

Every  considerable  tract  of  forest  in  the  state  is  more  or  less 
depleted  by  fire  and  can  only  be  brought  into  full  prodncticm 
after  many  years  of  renovation;  but  should  any  reader  be 
tempted  to  cast  these  estimates  aside  as  overdrawn,  I  must  ask 
him  to  not  do  so  without  a  careful  study  of  the  subject,  such  as 
I  have  given  it  during  four  years  of  exploring  that  have  taken 
me  all  through  the  wooded  region  and  formed  in  me  a  deep 
conviction  that,  while  these  estimates  are  necessarily  rough, 
they  are  based  on  sound  principles  and  at  least  point  toward 
and  approximate  the  truth. 

Theoretically,  therefore,  it  seems  possible  that  the  present 
yield  of  log  timber  alone  may  be  doubled  permanently  and  that 
a  vast  increase  of  manufacturing  industries  would  follow  the 
assurance  of  a  constant  supply,  and,  locating  themselves 
throughout  the  woods,  would  in  every  way  tend  toward  the 
greatest  development  of  the  state. 

Practically,  however,  the  difficulties  in  the  way  of  attaining 
this  ideal  state  of  affairs  are  so  great  as  to  try  the  determina- 
tion and  skill  of  Qur  best  citiaens. 

The  difficulties  attending  the  question  of  ownership  before 
operations  of  any  kind  can  be  commenced  are  the  greatest  that 
are  to  be  met  in  the  whole  subject  In  Europe,  however, 
where  claims  of  private  owners  were  everywhere  to  be  ajusted 
before  anything  could  be  done,  this  great  barrier  has  been  over- 
come satisfactorily  to  all. 
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In  this  country,  where  so  much  of  the  lower  grade  of 
agricultural  land  is  owned  by  the  government,  there  should  b« 
great  hesitancy  in  making  a  beginning,  beyond  the  caution 
necessary  to  malce  sure  that  the  course  be  the  right  one. 

In  Europe  the  great  difScalty  has  been  just  as  here,  the 
prejudice  against  anything  but  the  free  use  of  public  property 
and  against  interference  of  the  government  in  the  business  of 
individuals. 

But  they  have,  first  in  the  moomtiuns  where  the  general 
welfare  most  plainly  demanded  it,  by  condemnatory  proceed 
ings,  and  later,  on  the  poorest  lowlands,  where  the  direct 
profits  of  forestry  are  greater  than  those  of  agriculture,  by 
bounties  to  the  owners  of  the  land,  made  such  progress  daring 
the  past  century  that  the  wisdom  of  the  movement  is  plainly 
shown,  and  all  men  who  have  the  chance  to  know,  combined 
with  a  desire  for  the  public  good,  write  in  sustaining  the  gov- 
erpmental  policy  of  securing  the  perpetual  cultivation  of 
forests  on  all  the  poorest  lands. 

OUR  LAND  OFFICE  SYSTEM. 

While  the  ^ving  of  from  800,000  to  4,000.000  feet  of  standing 
pine  to  a  poor  pioneer,  seems  a  paternal  act  on  the  part  of  the 
government,  the  actual  result  is  patting  nearly  all  the  value  of 
the  timber  into  the  pocket  of  the  lumberman,  to  whose  plant 
the  tract  may  be  tributary. 

The  settler,  even  when  honest,  can,  as  a  rule,  aftord  to  live 
on  a  pine  clE^m  merely  long  enough  to  comply  with  the  home- 
stead or  pre-emption  law,  and  when  he  sells  his  pine,  often 
gives  title  to  the  land  also,  when  it  starts  upon  the  routine  by 
which  it  is,  eventually,  advertised  for  taxes,  non-productive, 
idle,  worthless. 

If  we  continue,  as  we  have  done,  the  17,000  men  now  em- 
ployed in  reaping  the  great  natural  harvest  will  soon  leave  the 
country,  as  they  have  left  the  older  lumber  states;  for  the  lum- 
berman, under  the  present  system  of  disposing  of  public  lands, 
cannot  think  of  waiting  for  a  second  growth  while  he  can 
acquire  new  forests  of  standing  pine  at  a  nominal  figure.  His 
only  sensible  course,  as  far  as  his  own  interests  are  concerned, 
is  to  strip  off  the  timber  and  abandon  the  land. 

The  time  to  decide  upon  the  use  to  which  timbered  lands 
should  foe  put  is,  undoubtedly,  before  they  pass  into  the  hands 
of  individuals.  They  should  be  examined  and  the  question 
decided  whether  they  should  be  thrown  open  for  settlement  as 
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farm  lands,   or  whetiher  it  would  be  best  tor  the'general  welfare 
to  have  them  kept  in  Umber. 

There  are  still  in  the  state  some  6,000,000  acres  of  more  or 
less  wooded  laud  belonging  to  the  federal  government.  To  one 
looking  the  situation  fairly  in  the  face,  would  it  not  seem  best 
to  have  all  this  area  withheld  from  settiemeut  irntU  the  soil  be 
examined,  and  its  adaptability  determined? 

The  direct  profits  l^at  may  be  expected  from  forestry,  are 
not  large  after  the  virgin  timber  has  been  cut  In  Europe, 
seldom  over  5  per  cent,  is  realized,  and  the  American  lumber- 
man cannot  be  expected  to  act  contrary  to  his  notable  common 
sense  and  shrewdness  and  stay  and  do  a  business  that  brings 
in  5  per  cent.,  while  he  may  by  entering  a  new  field,  under  the 
present  land  office  system,  get  from  10  to  200  per  cent 
Only  in  exceptional  cases,  moat  favorable  to  growth  and  conven- 
ience to  market,  is  forestry  profitable  to  the  individual.  To  a 
corporation  of  wood-workers  the  profits  may  be  greater,  bnt 
it  is  only  the  state  or  the  general  government  that  will  be  able 
to  reap  all  those  other  benefits,  such  as  permanency  of  in- 
dustries, support  of  greatest  population,  etc.,  which,  added  to 
the  direct  profits  possible  to  the  Individual,  would  bring  the 
sum  of  gains  well  within  the  percentageof  fair  business  profits. 

Forest  lands  should  therefore,  as  a  rule,  be  managed  by  the 
state  or  by  the  federal  government. 
In  Minnesota,  the  federal  lands  now 

vacant,    and  more  or  less  wooded, 

amount  to  some 6,000,000  acres. 

The  state  lands 600,000 

The  university  lands 470,000 

The  school  lands 231,000 

1,301,000 

Total  public  forest  lands 7,301,000  acres. 

The  question  as  to  what  would  be  the  best  management  of 
these  lands  has  been  studied  and  studied  faithfully  by  many,  if 
not  by  all  the  men  upon  whom  their  care  devolved,  and  no 
doubt  they  have  found  the  difficulties  that  they,  single-handed, 
were  unable  to  overcome.  It  is  necessary  that  aU  tha  people 
be  so  well  informed  that  they  may,  at  least,  be  able  to  appre- 
ciate the  efforts  their  cbo&en  representatives  in  the  local,  state 
or  federal  government  may  make  in  their  behalf;  and  while  it  is 
the  plain  duty  of  these  representatives  to  study  aU  the  qnes- 
tions  bearing  upon  the  welfare  of  their  constituent  regions. 
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these  questions  are  so  numerous  that  they  cannot  be  expected 
to  master  them  all,  unless  those  who  have  made  special  study, 
aid  them  by  digests  of  their  work. 

FORESTRY   IN   PRUSSIA. 

While  some  of  the  forestry  that  is  practiced  in  Europe  is  for 
protection  purposes  on  steep  mountain  slopes,  where  erosive 
torrents,  destructiTe  floods,  landslides,  falling  rocks  and  ava- 
lanches make  the  work  imperative,  most  of  the  forests  there' 
are  managed  for  the  revenues  there  are  in  them. 

8ome  quotations  from  an  article  by  Mr.  OiUford  Pinchot,' 
before  the  American  Economic  Association,  referring  to  for- 
estry in  Prussia,  may  be  of  interest  here. 

"All  forest  management  may  be  said  to  rest  on  two  closely, 
related  facts  which  are  so  self-evident  that  they  might  almost 
be  called  axioms  of  forestry,  but  which,  like  other  axioms,  lead 
to  conclusions  of  far-reaching  application.  These  are,  first, 
that  trees  require  many  years  to  reach  merch^table  size;  and, 
secondly,  that  a  forest  crop  cannot  be  taken  every  year  from 
the  same  land.  From  the  last  statement  it  follows  that  a  defi- 
nite, far-seeing  plan  is  necessary  for  the  rational  management 
of  any  forest,  from  the  first;  tha-  forest  property  is  safest 
under  the  supervision  of  some  imperishable  guardian,  or,  in 
other  words,  of  the  State."         •»»»•» 

"Holding  it  as  a  duty  to  preserve  the  wood  lands  for  the 
present  share  which  they  take  in  the  economy  of  the  nation, 
the  State  has  recognized  as  well  the  obligation  to  hand  down 
its  forest  wealth  unimpaired  to  future  generations.  It  has 
recognized  and  respected  equally  the  place  which  the  forest 
holds  in  relation  to  agriculture  and  in  the  economy  of  nature 
and  hence  feels  itself  doubly  bound  to  protect  its  woodlands. 
In  a  word,  it  has  been  seen  that  in  its  direct  and  indirect  in- 
fluence the  forest  plays  a  most  important  part  in  the  story  of 
human  progress,  and  that  the  advance  of  civilization  only 
serves  to  make  it  more  indispensable." 

It  has,  therefore,  steadily  refused  to  deliver  its  forests  to 
more  or  less  speedy  destruction  by  allowing  them  to  pass  into 
the  bands  of  shorter  lived  and  less  provident  owners  ' 

Bven  in  the  times  of  the  greatest  financial  difficulty,  when 
Prussia  was  overrun  and  nearly  annihilated  by  the  French, 
the  idea  of  selling  the  State  forests  was  never  seriously  enter- 
tained- 
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But  the  government  of  Prussia  has  not  stopped  here.  Pro- 
tection standing  alone  la  irrational  and  incomplete.  The  cases 
where  a  forest  reaches  it  highest  usefulness  by  simply  existing 
are  rare.  The  immense  capital  which  the  State  wood  lands 
^present  is  not  permitted  to  lie  idle,  and  the  forest,  as  a 
timber  producer,  has  taken  its  place  among  the  permanent 
features  of  the  land.  The  government  has  done  the  only  wise 
thing  by  managing  its  own  forests  through  its  own  forest 
officers. 

"Donner,  now  Overland  flrst-meister,  in  a  work  which  carries 
all  the  weight  of  an  ofBcial  document,  says: 

'The  fundamental  rules  for  the  management  of  State  forests 
are  these:  First,  to  keep  rigidly  within  the  bounds  of  con- 
servative treatment;  and  secondly,  to  attain,  consistently  with 
such  treatment,  the  greatest  output  of  most  useful  products  in 
the  shortest  time.'         *  •«•»*• 

"The  State  believes  itself  bound,  in  the  administration  of  its 
forests,  to  keep  in  view  the  common  good  of  the  people,  and 
that  as  well  with  respect  to  the  lasting  satisfaction  of  the  de- 
mand for  timber  and  other  forest  produce,  as  to  the  numerous 
other  purposes  which  the  forest  serves.  It  holds  fast  the  duty 
to  treat  the  government  wood  lands  as  a  trust  held  for  the  na- 
tion as  a  whole,  to  the  end  that  it  may  enjoy  for  the  present 
the  highest  satisfaction  of  its  needs  for  forest  produce  and  the 
protection  which  the  forest  gives,  and  for  all  future  time,  "t 
least  an  equal  share  of  equal  blessings."  •  •  « 

"The  forest  is  a  trust  handed  down  from  former  times,  whose 
value  lies  not  only  in  its  immediate  production  of  wood,  but 
also  essentially  in  the  benefit  to  agriculture  of  its  immediate  in- 
fluence on  climate,  weather  protections  in  various  ways,  the 
conservation  of  the  soil,  etc.  The  forest  has  significance  not 
only  for  the  present  nor  for  its  owner  alone;  it  has  significance 
as  well  for  the  future  and  for  the  whole  of  the  people." 

"With  respect  to  the  second  class  of  forest  property,  that 
belonging  to  towns,  villages  and  other  public  bodies,  itis again 
impossible  to  speak  for  the  whole  of  Qermany  except  upon  the 
broadest  lines.  The  State  everywhere  exercises  oversight  and 
a  degree  of  control  over  the  management  of  these  forests,  but 
the  sphere  of  its  action  varies  within  very  wide  limits.  Even 
within  the  individual  states  it  does  not  remain  the  same.  Thus 
far,  however,  the  action  of  the  government  is  alike  not  only 
throughout  Prussia  but  in  £dl  parts  of  Germany.  It  prevents 
absolutely  the  treatment  of  any  forest  of  this  class  under  im- 
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provident  or  'wasteful  methods;  nor  does  it  allow  an;  measure 
to  be  carried  into  effect  which  may  deprive  posterity  of  the  en- 
joyment which  it  has  a  right  to  expect"  *  * 

The  relations  of  the  State  to  the  third  class  of  forests,  those 
belonging  to  private  proprietors,  are  of  a  mnch  less  intimate 
nature.  The  basis  of  these  relations  is,  however,  the  Qame.  To 
quote  again  from  Donner:  "The  duty  of  the  State  to  sustain  and 
further  the  well  being  of  its  citizens  regarded  as  an  imperish- 
able whole,  implies  for  the  government  the  right  and  the  du^ 
to  subject  the  management  of  all  forests  to  its  inspection  and 
control."  This  intervention  is  to  be  carried,  however,  "only 
BO  far  as  may  be  necessary  to  obviate  the  dangers  which  an  un- 
restrained utilization  of  the  forest  by  its  owners  threatens  to 
excite,  and  the  rights  of  property  ftre  to  be  respected  to  the 
utmost  consistency  with  such  a  result"  Prussia,  of  all  tiie 
German  coiintries,  has  respected  these  rights  most  highly,  and 
the  government  exerts  practically  no  restraining  influence  ex- 
cept where  the  evident  results  of  deforestation  would  be  ser- 
iously dangerous.  Here  it  may  and  does  guard  most  zealously 
the  wood  lands,  whose  presence  is  a  necessary  safeguard  against 
certain  of  the  more  destructive  phenomena  of  nature,  and  which 
have  been  called  in  general  "protection  forests".  Of  their  many 
sided  influence  so  much  has  been  said  and  written  of  late  in 
America— both  truly  and  falsely— that  no  farther  reference  to 
the  subject  seems  needful. 

"The  State  leaves  open  a  way  of  escape  for  the  private  prO' 
prietor  who  finds  himself  unwilling  to  suffer  such  restriction 
of  his  rights  for  the  public  good,  and  shows  itself  willing  to 
buy  up  areas  not  only  of  protection  forests  but  also  of  less 
vitd.\ty  important  wood  lands.  On  the  other  hand,  it  is  ready, 
with  a  broadness  of  view  which  the  zeal  of  forest  authorities 
sometimes  unfortunately  excludes,  to  give  up  to  private  owner- 
ship lands  which,  by  reason  of  their  soil  and  situation,  will 
contribute  better  to  the  commonwealth  under  cultivation  than 
as  forest. 

"In  this  way  the  forests  whose  preservation  is  most  import- 
ant are  gradually  passing  into  the  hands  of  the  State;  yet  the 
total  area  of  the  wood  lands  is  increasing  but  slowly. 

"The  policy  of  State  aid  in  the  afforestation  of  waste  lands 
important  through  their  situation  on  high  ground  or  otherwise 
is  fully  recognized  (a  notable  example  exists  upon  the  Hohe 
Venn  near  Aix-la-Chapelle)  but  the  absence  of  considerable 
mountain  chains  has  given  to  this  branch  of  government  influ- 
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ence  very  much  leas  prominence  than  in  the  Alps  of  Austria, 
Switzerland  and  France,  where  its  advantages  appear  on  a 
larger  and  more  striking  scale. 

"In  closing  this  brief  sketch  of  forest  policy  in  Prussia,  yan 
will  perhaps  allow  me  to  refer  for  a  moment  to  the  erroneous 
ideas  of  German  forest  management  which  have  crept  into  our 
literature.  They  have  done  so,  I  believe,  partly  through  a  de- 
sire of  the  advocates  of  forestry  to  prove  too  much,  and  they 
injure  the  cause  of  forestry,  because  they  tend  to  make  forest 
management  ridiculous  in  the  eyes  of  our  citisens.  The  idea 
has  risen  that  German  methods  are  exaggeratedly  artifici^ 
and  complicated,  and  not  unnaturally  the  inference  has  been 
made  that  forestry  in  itself  is  a  thing  for  older  and  more 
densely  populated  countries,  and  that  forest  management  is 
inapplicable  and  incapable  of  adaptation  to  the  conditions 
under  which  we  live.  It  is  true,  on  the  contrary,  that  the 
treatment  of  German  forests  is  distinguished  above  all  things 
by  an  elastic  adaptability  to  circumstances,  which  is  totally  at 
variance  with  the  iron-clad  formality  which  a  snper&ctal  ob- 
servation may  believe  it  sees.  It  is  equally  true  that  its 
methods  could  not  be  transported  unchanged  into  our  forests 
without  entailing  discouragement  and  failure,  just  as  our 
method  of  lumbering  would  be  disastrous  there;  but  the  prin- 
ciples which  underlie  not  only  German,  but  all  rational  forest 
management,  are  true  all  the  world  over.  It  was  in  accord- 
ance with  them  that  the  forests  of  British  India  were  taken  in 
hand  and  are  now  being  successfully  managed,  but  the  methods 
into  which  the  same  principles  have  developed  are  as  widely 
dissimilar  as  the  countries  in  which  they  are  being  applied." 

So  forest  management  in  America  must  be  worked  out  along 
lines  which  the  conditions  of  our  life  will  prescribe.  It  never 
can  be  a  technical  imitation  of  that  of  any  other  country,  and 
a  knowledge  of  forestry  abroad  will  be  useful  and  necessary 
rather  as  matter  for  comparison  than  as  a  guide  to  be  blindly 
obeyed.  It  must  be  suited  not  only  to  the  peculiarities  of  our 
national  character,  but  also  to  the  climate,  soil  and  timber  of 
each  locality,  to  the  facilities  for  transportation,  and  relations 
of  supply  and  demand,  and  the  hundred  other  factors  which  go 
to  make  up  the  natural  character  of  a  hillside,  a  county  or  a 
state.  Its  details  cannot  be  laid  down  ex  cathedra,  but  must 
spring  from  a  thorough  acquaintance  with  the  theory  of 
forestry,  combined  with  exhaustive  knowledge  of  local  condi- 
tions.    It  will  necessarily  lose  the  formality  and  minuteness 
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which  it  has  acquired  in  countries  of  older  and  denser  settle- 
ment, and  will  take  on  the  character  of  largness  and  efficiency 
which  has  placed  the  methods  of  American  lumbermen,  in  Uieir 
own  sphere,  far  beyond  all  competitors. 
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" 

N.  H.  WInohell. 

Spring  v^ej.Mjnn..:.:;.'.:!;:.:.';: 

Cinelnna'tV!!. 

5zr.:::;;: 

n.».. 

I        I  ::;;::::::;:;::;::;: 

Trenton 

« 

Bt.  Paul.  Minn .:::: 

;;    ;;:::: 

:: 

fltrnwater/'Mijii:::::'.:::;::::::::::;: 

dee,,  -ell. 

N.  B.  WInohell,  taken  at  18  feet. 

;;      ii  1  ^ 
;:      ill  \ 

„Goo<^lc 


NINETEENTH   ANNUAL  EEPOET 


BPBCtHKHS  RWU8TBBKD 


HUSEUH 
IN  Tin 


K^ 

s 

WhOD. 

Wbence. 

■810 

Aprllj^lBW 
AUB..,M» 

Oeol.Burrer. . 
Preaeuted..::: 

Oaol.  Survey!  !i 

^ 

BameaHlaati 

" 

K» 

a       Ite"     tel   r      u 

«ra 

PS^rSS!?r^',K^^:,::.::::::::::::;::...:::::.::;:;:::: 

I 

^ 

Yollowl.hbiiie  pebblT  clay!!  ;'.!''.!1.'"!."!"  "'';"!!!!'.!! 

X 

B.'S;'U'«o,'^™;5".','".:-..:;.:::::.-.;.:..:;;--.::' 

K 

Drift  Rrarel  £  wmd  wUh  fragmenUof  gray  limestone. 

ss? 

?S'.i,""S.wiib.s,id«n:::::::;-.:-.::::::::;::: 

s 

Biueshale....... '....'..'.■.!";l■.^ 

s 

r 

«B«> 

„Goo<^lc 


STATE  GBOLOOIST. 
ADDITIONS.— (>nl*nued. 

QKETKKAI.  mTUUM  IN  1880,   1890  AND  1891. 


IxKHOlty. 

FoTm&tion. 

Oolleotor  and  Nnub. 

SUUwMw,   UlQik 

•""SSS'.'ST, 

N.  e.  Wlnohell.  MkeD  at  «(Mt. 

aoepwell. 

'■     gra    ■■ 

Noya8ootl»,CaD«ta':";.'"."'.::".': 

Meptune  mine,            ;■               '" 

Sblrnon  BIVM,  N.  B 

of  J.  a.  ciuk. 

■■GarnBtBlir'N.H 

Prom  Pnil.  jl  A.  Dodn. 

niSidbI?.'?!!^..."::":::;'.'.::::;.':::;; 

PiuAm:.'.'.'.'. 

FromW 

No.   1.  d 

liSrriiir":::::::::;::::::::::: 

DrtUim"fr'<^ 

;;  i. 

..       30    .. 

"       "  ! :;;:::::.■.'.■  :;■;:: ■.■.:.".: 

Kw  well. 

■'  <. 

40    •' 

■■      SO   •• 

-     eo  •' 

"       "  ;;.'.".'"v.r.::;;:::.':::' 

;; 

::?: 

'.'.     ™  " 

."       "  ::".":.:;:::::;:'.'.::'.: 

'.'. 

=  8: 

••       80    "    ■ 

•■        "  ::":;:::;:;"''■■.■."'.■! 

'.'. 

::)!: 

''.    "*  I! 

;;i2, 

■■      130    " 

■    lao  ■■ 

..    ,4n  .. 

■'      14S    " 

■■      180    " 

■■    i<n  - 

;;i8. 

..    ]^  ,. 

■ao, 

■    m  " 

"31. 

■■      S9D    ■■ 

•|aj, 

"      330    '• 

"      240    " 

•■    ao  •• 

■'85l 

■•    an  " 

■'» 

"    ^  " 

"W, 

"» 

■'      280    " 

"Kl. 

••     900    " 

"M. 

'.'.     "•    " 

•■a. 

-ai 

"      S30    '■ 

"   **  !! 

"    a«  " 

■■    aro  " 

;;    B»  ;; 

■'      400    " 

■'«. 

■•      410    " 

■■«. 

■■      430    .' 

-a. 

■'      431)    •■ 

•■«, 

■■      440    " 

"44. 

■■      4U  - 

■*4t. 

••     4«0    " 

'■4B. 

••    no  " 

11  47, 

•'     480    " 

■■    4in  ■• 

■      BBS    " 

■•     710    ■' 

■'osl 

■■6«. 

-m. 

=  1 

mi 

Moorin«d,  iiiiiD.";.'.':;.':;".::::::": 

Drill  IdgB  from 

Hoorhead 

■■    3. 

'.'.  " " 

■'  ■."":"..""'.;;;;;;;:;; 

well. 

•'    4. 
-    6. 

"       "  ::::;:::;::::::;:;::;::: 

■■ 

•■t 

"  s " 

„Gooi^le 


NINETEENTH  ANNUAL  BEPOBT 


UnSEUM 

SPBOmSKB  RBGISTEBBD  EN  TBS 


DrtrtgraTeUnd  Mod.. 


Qnvelly  nad  sand  j  clar 

Boulder;  hard  gra;  En«lM  .... 

Boulder;  quartzoae 

Blulsb.  saodr  cU; 

Qaloksand 

Qulckund,  with  same  oUr 

QrMQBbnieoral&T 

Boft  reddish  cbl(iTlt«j«TaDlte  oi 


It  more  KTMu  'rom  Chlorite 


Bame,  butflnet 

Same,  but  coarser 

Same,  but  darker  oolored 

Same,  flne  drilllogs 

Bott.  neenlsb,  Ted-moVt'l'ed  fe'l^rM..., 

Same,  with  gome  oalolto 

Halulf  water- warn  sand 

HIiBd  grBultlc  nwky 


Mostly  wblte  feldspar  and  quarU 

Bro  Walsh -red  rock 

Orar.  epldotlc  Soelr  granular  gabbro.... 


HI  nga  brown, 


ifClomerate  witb  brown  felarte 

ifcandBraroonglom — ' ■*  - 

~*ili«quani. 


'"brown  (oia,._ 

andgrar  oonglomeral«and  quartzyte.. 


Granulu.  , — 

Same,  a  granular  quartiyte. 
Bame,  but  showing  gray  also  . 

'   ■      y,  alM)  pink... 

Dark  gray,  pulTBralent;  slmllnr  t 

Trap-rock,  epidottc  diabase 

Qray  dlabasfc  traf-rock 

Apparently  the  same,  TeVy  line... 


Black  alat 

Bame.  bi 


irarglllyM 

a  greeulsh  tinge  .. 


Beutlally  the  same,  not  ho  alaty... 

me.  mtber  light  gray 

ay  slate,  Hll^htiy  pyrltlferoui 


„, dlabaaloroek... 

_   _    _  Toll,  wltbBomegr«y  slate... 

BanieasTVll 

gray  rook  predomlDatea 


„Goo<^lc 


BTATE  GEOLOGIST. 


ADDITIONS.— Omitniied. 

[.  XVBBVU  IN  1889,   1600  AND  1891. 


.   Looaitt;. 

Collector  and  remarks. 

•""'ASS 
°5!5SSr„ 

■ell.  ^^ 

No.    8,  I 
"    ii' 

::| 

'■    X. 

H 
iil 

-^. 

::i 

iil 

1 

tepth     M  teet. 

M)      ■' 

I  m=i 

!!        BOO    ;; 

■■       ■■  :;;:;::::;::::::::::■■:: 

•■         WD     '• 

::       : 

:;  Sii 

:; 

;:       ::  :::::::::::::::::::::::: 

ii  1;   . 

DU.50..111J. 

::     :  ::::■:::::::::::::::::::: 

ii   i  ii 

::      :;  ::::::::::::::::::::::::: 

::     :; 

::     S  :: 

::     :: 

ii     iii 

■•      "  :■;:::■:::;:::;::::.;■:::: 

II           B13      '1 

"      ■■  :::::;::::::;;:::;::;:;:: 

^1^ 

;:    is  :: 

,<e3    ■' 

„Gooi^le 


NINETEENTH   ANNUAL  REPORT 


MUSSUH 

SFBCIKBItB  BXOIBTXRBD  IN  TB> 


OviAitna. 

Naio. 

1 

When. 

Whence. 

ll 

Aug..  1880 
Jan'j;,1800 

Feb-y.  IWO 
MB-ch,Uga 

Qeol.Burvey... 

EnohBiiKe  .'.'.'.'. 

EiohaDge 

9                        it.    rodomf     Ma 

nii7 

Ot«]rqu»rtejle,  TBr^«no';'ii»me'iH"roii!!!i;"!^"!'.!^ 

■ 

nS 

g}rL%^X=tSirHlir^.:;:::::::::::":::.::.::::: 

s 

BR%S~.S'aw;:.;:::.:::::-.::::.:::::::-:.:: 

7Se4 

Uemlpronltee  cr&mus  Meek  and  Wortben 

B 

Iron,  Bpophylllteaod  other  mlnerkia 

7078 

Kaollne 

lojW. 

TDS6 

i 

Llmeatone 

g'^?=T".:;;;:;;;:v/-.;;;.:;v....::;::-..;;v.;::-.y 

ills 

F 

TlOO 

Vein  rock  with  olon»bat 

Foot  wall  rock  (■erDeuaDe!  

>vGoo»^lc 


STATE  GEOLOGIST. 


ADDITIONS.— Cbnttnued. 

eSIfBBAL.  HVSBTTH  IN  1886,  1860  AND  1891. 


Colleotot  UDd 


Dniutii,  HlDD... 


Independenoe,  io>B... 


iii4ep«Ddeiiae:  lown... 

Solon.  Iowa 

Fillmore  Co.,  MIdd 

Pellit.Iawa 

HadlsoD  Co..  lova 


St.  Pet«ta,  Cheater  O 


FrIedeiuTllle,  ebesle  Oc 
TowD  M-fl.  S.  k.  H  Seo.  11 
Beaver  HI  nth  Uat.,  Uaa, 


No.  47,  Depth  1.1S7  feet. 


™       ■■        1.1(C7«  " 
O.  W.  Irish.  Iow&  City,  lowi 


'   [French  Creek  mloea 


'   [CtWROth  inliie. 


38  Oak  St.,  Mlonaapolla. 


Pie  Ids  CniulDs,  Ont... 


St.  AagustlDe,  7)a... 


Oriuid  BapldB,Mlch... 


Brunawlok,  Value 

Topeb am.  Maine 

Qrand  Bkplds.  MIoh. .. 


0.  A  Whittemore. 


3  feet  deep. 

"  -"-N.B.I, 

iK  penetration  of  iron  oxide, 
'^e  llmwloae.  [crrst  ' 

it  oaTltf  oellB  In   place 


M  mile  N.E.otKo.  TOM. 
shoirinK  penetration  of '~ 
above  tbe  limwloae. 


OnJid  BapldB,  Mich... 


n  yta.  growth,  oellar. 


YelloWBtone 
Port  OllDtoi..  . 
Neir  Almadeo,  C 


J,  B.  Alexander. 

The  Quicksilver  Hinloft  Companr. 


jyGoot^lc 


NINETEENTH   ANNUAL  REPORT 


(MnUKED. 

Nuia. 

1 

f 

No 

When. 

Whence. 

ll 

2}}? 

JuDe.^UBO 

juij.  _  len 

Ang.,'  MW 

i; 

QtM-Barwej.  .. 

H&DBlnsirallroclK&lta} 

1 

IB; 

Imi 

^ 

;;        

V^ 

DveMuff.  asedtoriwlDtliigcaDoaauidooloriiif  tepBi 

ng 

VcdcKDlo  uh  nndarati^ 

H 

^olen[ura'(^ire)^'.^'.';!^^'.'.'.'.".'"^^'..^'.'*^'."I;^I;""'' 

gg-r-..;;:.:;::;;:::;;;:;:;:;:::;::-::::;:.;::;: 

iiS^ 

fc"if!K.tf.ri"~g^VAS»S!:Jiiii;ia. 

"» 

QuftrtzandpyrlM 

717B 

Sample  Of  (ixit«nd'hanBinB«UlTOdkV,V.;!;;;iI,".'.'!!; 

4- 

s 

::       

iree 

Foot  wall  or  NeVadaoitfMtaoV.v.v.v."'": :::"■,:;;:" 

Btalactlto(Clough'«oaVB) 

QuarU  with  galenlte  and  p^rlM 

„Goo<^lc 


STATE  QBOLOGIST. 


ADDITIONS.— Omltnued. 

OENBBAL  XVSSUX  IN  1889,-1890  AND  1 


Loo&llty. 

Oolleclor  and  Teiaarks. 

The  Quick 
N.  H.  Win 

g:i:K 
:  1:5^4 

Oalltonilft 

a; 

rrom  neart,«0  feel  dowo. 
State  HlDlDR  Bureau, 

sBu.,  (Babbit  Ho!«  mine) 
Ccountr;  r'ck'  ofSoulsby  mn 

(oil  well  No.  0) 
(Mtn.  View  mine) 

(Fenner) 

Aril»|S'Q.tteet,Mtan«poll. 

leMare-Iowft .'.■.■.■:;: 

Mokelumne  Hill.  Oak ver»«06'..OBi, 

::s 

-SS 

„Gooi^le 


NINETEENTH   ANNUAL  REPOBT 


MUSGTM 

SFBCIKKMB  UBQISTBRED  DT  THB 


OBTArmD. 

Namb. 

L 

Wben. 

Whence. 

z 

Aug..  _  1900 
8ept.,_MB0 

BxohftDBe 

i 

S7riSSiti;--Biuejiy":;:::::;;:::::::::;::::.::::::::-.: 

TI9T 

OhttlcedODj 

toS 

WB 

g» 

S! 

SsSssffi":?^"::;;:;;:;;;:;- 

^ 

1 

TISJ 

^^S^:-.::::--::::--v:..:: 

™ 

Mpt«orlo  Htones  (oh ondrttic) 

Hlpe  oreek  meteorite  (cbondrlte) 

Sr/rX'T^'S'^o™ :■; 

Apr.,__  laai 

im 
uei 

IBM 
WBl 

UOl 

. 

Eiohange .'.""; 

S 

TrLgonocarpon  trllooulare  HlUn^ 

1 

72S9 

Rbabdocarpon 

TWO 

'■■'■ 

TM6 

Phosphate  rock  raprcBciitliig  nenonUCe 

„Goo<^lc 


-STATE  GEOLOGIST. 


A  DDITIONS.— (tenlinwed 

QBNB&AL  XITBBDV  EH  1889,  1890  AND  H 


Collector  and 


8«nB«DltoaouDtf,OaL 

aalarenB.OKl 

Bui  Lul*  Oblapo.  Cal 

Fresno  oouotj,  Oai 

Ht.  Bt.  Belen»,  N&pa  oouutr,  Oal 


Soutb  JaokBOD,  Oal . . . 


9an  BeniKrdlno  county,  Oal... 


Halden,  KoDt 

EBmeraldk  county,  Ne7 

Ban  Bernardino  couDty,  Oal.. . 

Talara  county,  Oal 

Kem  oounty,  Oal 

Lander  oonntj,  Nev 

LakeoouDty.tAl 


BoDoma  oonaty ,  Oal 

B»n  LnlB  OblsDOCOUnty.  Oal... 

NapaoouDty.  Cal 

Graf,  Iowa 


Waskila.  Dodge  county 
Yoonntown,  Ohio — 


Isl&ad  of  Bedouda,  Caribbean  Sea,. 


Oftlll.Btale  UIdIdk  Bureau. 


Trenton  


Klowu  county.  Sanaas 

OerrodeUetoado.  Hexloo 

(Jallsn  dlttB.) 
(C  and  O  Sbafl  J 


Henry  O  Hanka,  Ban  FmuicIboo.    No. 


P.  W.  Plapp,  Dubuque,  Iowa. 


A.  L.  Broughton. 

Prot.  M.  H.  Wlnehell. 

N.  H.  and  H.  V.  Wlncbell.   Fell  Hay  «,  IStO. 

"  ■■  —     ■    ■'    ""  ■-  Qeol..Vol.V..  p.m. 

'" "-■  lsee.1 


H.  WinehelL' 
H,  MoOinnli. 


{OryatalB  In  clarmatriil. 
.  H.  Ultcbcook— The  very  best-W  -  -•  »> 
For  No.'B  THa-TZn,  see  Bol.  Oeol. 
Vol.  II,  p.  e. 

0.  H.  I]ltcl>oocb.-Theaompaot  Ut— 

part  Is  supposed  to  be  nearly  pure  BMliindtte. 

.H.  Hitchcock.— High  grade:— Nearly  Wpr-* 

PjO,. 

.H.  H1tohoi>ck.-Alwutaipct  P|0(. 


Am« 
ipaot  light  colored 


>vCoo<^lc 


NINETEENTH  ANNUAL  BEPORT 


KUSXUH 

SPaCDOBHS  RBQIBTBBKD  Dl  THB 


Presented  — 
QboI.  Burver 


FhMphat»  rack:  repnuDtlngpedondAc... 


Volcanic  tatft. 


rani  tic  KDelu. .. 


Phllodom  trentoneiiBii  T-ar  minor  W.  and  8 

Subulltes  elongatQ*  Oonrad 

UurohlwDlalrlcaHnataHall 

Pleurotomarla  ■ubconlca  Hall 

Uurablaantahellcteres  Salter 

Baphlatoma  lentleularls  Bowertiy 

Raphlatoma 


»j.^lll*wDomyre«BBOonrad 

Bucania  <Tremaaotus?j  boelU  WUtfleld... 


Buoanla  bldorsata  Hall 

Belierophon 

Betleropbon  wlsoonseDsll  Whltfleld . . . 

Bell«ropboDbllobatuHSoi>«iby 

BubuUtM  elougatuB  Oonrad  


BelTerapbODWlaooasen  1>  Wb  I  tfleld'. '. '. 
BelleropboD  bl  tobatiu  Boverb; 


Pleurotomarla  saboDDlca  Ball 

Muroblsonia  trloarlDBta  HalL 

Bellerophon  wlioonsoaHia  Wtaltfleld... 

Bellerupbon  bllQbalOB  Sawerb; 

luoanla  (Tremaoatua?) 


Befleropho 

Rapblstom 

HuTChlwDlagraoIlls  UoU... 

Troohonema. 

MurchlHinlBffrBclllHHiai... 

MurcblaoniB  major  Hall 

B«llerophon 

Trochonema 

OaphLaloma  lentlcularla  80 


Benerophon  bUobatus  Sowerb;. 

Maoluraa 

Trochonema 

Pleurotomarla  subcODloa  Hall  — 

Homotrypa  seperata  var.  ,. 

Phllloporlna  reticulata  Hall 

Rblnldlctja  fldells  Dlrlch 

Rhinldlctra  trentoneiiHlB  Dlticb,.. 

Monotrirpa. 

Leptotrypa be:iagoiiallB Tllrloh ... 
Kh'aldlctya 

Bbluldlctya'aderistiiricb'!"!!!.!!! 

Nlobolsonella  poDderoaa 

Lepl«trypabexagoDallii  Tllrloh  ... 


„Goo<^lc 


STATE  GKOLOGIBT. 
ADDITIONS.— CSwMnwd. 

QBHKBAL  ITDaBUM  IN  1889,  1690  AKD  1891. 


LOCtMtJ. 

Formation. 

Collector  and  remarks. 

island  ot  Rcdonda.  Oulbbea 

aSe».. 
Pa.... 

C 
H 

H. 

W 
W 

1 

tlons. 
"                     Prorn'MBn^Bl  Tn°mWBt  of 

::          :: 

Xew  Galilee,  BeaTer  county 

Williams  (Brown). 

Carbon 

laconic?.: :::: 

coniitr»  (nuto  In  matrli.). 

aSSs!"""""::;:;;;::;:: 

Tr«uaUin 

oaiena.. :.:::; 

Oaiena.. 

rtentoii".',!'.'. 

1  fromC.&N.n.B.B.qrT,314m.  n.of  B«loll. 

-  fr.  Samp's  qry.  In  the  "Up.  Buff  fi«dB 

DiqteMwGooi^le 


NINETEKNTH  ANNUAL  REPOBT 


SPBCIVBN3  BBQIBTERED  I 


OnuBaD. 

Niia. 

h 

WhOD. 

Whence. 

July ,__  IBM 

Aiw.j^UBl 

:: 

Jiily,__MB» 
Anso^isn 

Q«ol.  Surrey... 

:;     -"^^ 

tya  falcltotinls  var.  aoumlDaM  JamaB 

brasma  ottairaoDBe  Foord 

TKB 

KSK'Sffi.°a'5yMv..v.v.v.;.v;.-:::.::.: 

mm 

Uanj 

ST. 

TO7 

Spatiopom 

nSS 

S 

:;     ^- 

vSSS 

SSHtJsr^*^"""*--'- 

TfllT 

Btlotoporella  anguUrla  Ulrloh  

eemlphr«m>^rrMUmUMoh 

s 

Rhl o Id Icty a  mutablMs 

llSS!^Ti'SSSllP:  :::■■■■::■:::■:■. 

1 

s 

nemlpragma  Irnuiuin  Ulrlch V.'.'Z'. 

T<1S8 

Leptotrypa. 

„Goo<^lc 


STATE  GEOLOGIST. 


ADMTIOHS.-  OimUnved. 

axHE&AI.  ICUBBUK  IM  1889,  1890  AND  1891. 


Near  B«lott,  Wis... 
Bookttm-m 

Nmd^  WIaI!I!!I'! 


Oshkosh.Wts.... 


Tnnton . . 


Oral,  Iowa... 


HoOmcdt,  lowk. 

Mln«na  Poliit,  Wik'.'.'. 

Deoorah,  Iowa 


z  m.B.  of  CaunoD  Fatla.Hliiii... 


Saven  m.  s.  Oaanon  Fails,  lilan... 


Oollector  and  remarks. 


Trenton 

Galena.. 
Tranlon 

Trenton 

Trenton 
Oalena.. 

Tranton 


Bcofield  and  Bohuohert. 


W.  11.  Soolleia. 

Soofleld  and  Bohuohert. 

W.  H.ScoBeld. 
Bcofleld  and  Bcbuobert. 

.  Scufleld. 


jyGoot^lc 


NINETEENTH  ANNUAL  REPOBT 


Julj,  m, 
Ans.,lWl. 

Aag.,^18U. 


Jul;.    UB] 
JiSy.' 


HOSBUM 

SPBCIMSKB  BBGIBTBBBD  IN  THK 


. .  PMihf  dlctya  ttouCa  Hall 

..  Callopora  multltabulBta  Clrlota.... 

"--soporB  InsularlB  Ulrloh  

— -jiotrrpaaumuLaU  Ulrloh 

..  PBchjdlolyii  acuta?  Hall 

.  ■  Prasopora  lusuliirls  Ulrlch 

..  HomoLrypaBlmUlsFoord 

..  Panhydfctya oooldentallB?  nirloh. 

. .  Oeramoporelta 

■  ■  Callopora 

..  Stlctoporella  trondlfora  Ulrlch... 

..  Oallopora mulUUbulata  Ulrloh 

..  Ltchenarla  typa  W  and  8 

..  Trematopora  prlmlEenIa  Ulrlch 

..  Homotrypa  eiUls  Ulrlch 

..  G  rap  Ipora?  den  tic  ulata  Ulrlch 

..  Dekayella 

. ■  Praaopora... ..... 

..  Callopora  maltltabulata  Ulrloh 

*-iDlotlahlalmtiolltii  Ulrloh... 

.ematopora  pr'— ' — '-  "'-■- 

mplpora?  dent 


.  JinBUla  Philomela  BIIHubb, 
..  Llnjfulaclclnlfor-' 

'.'.  LlngulahurtbuptlN.H.  Wlnohi 

..  Llngula defleota  W.  and  S 

..  LlDgula  defleota  Wlnchell  and 
.■  LlDgula  lovenslR  Owen 


galenenala  W.  and  8.. 


,.  LInfiulBDanadeiuiIii  BlUlDga 

..  Llngulasma  galenenala  W.  aodS... 


..  BaulTelCiL  flloea  Ulrloh, ., 
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STATE  GEOLOGIST. 


ADDITIONS.— CbnMiiwed. 

«BNBRAL  mJSBITH  IN  1889,   1890  AND  1 


Locality. 

Formation. 

OollectOF  and  remarks. 

KSitlS:..::::::;::;;::-:-:: 

aalena. 

rwnton.::":: 
Galena... ;::;: 

Galena 

Ssr :;::;: 

rrenton  !.'!;!! 

?is:^ ;;:;;; 

Qalena    

Trenton 

Oalena    '.'.'.'.'.'. 

4  mllM  B.  W.  Oumon  Fall^  maa-.. 

PrMton.  Minn 

i; 

;;        ;;  

;; 

'.; 

"             "  

" 

", 

Ur.  B.  B,  Basse  otQranger. 

ss^fel;i:?eii^;«i^;--: 

O.  Bchuohorl. 

Boofleld  and  Sohuohort. 

3.  Bohuchert.  0.  ft  K.  W.  R.  B.  quanlea. 

JanearlUe,  wis 

It  miles  south  of  OaDDon  Falls.  Hlno 

7  miles  south  of  Cannon  Falls.  MJnn 

7  miles  south  of  Oannon  Falls,  Minn 
Bmlles  wiuth  of  Oannon  Falls.  Minn 

S'-i-'itlSSTell.    " 

•8S~sffi.2gjas5.WJfS: 

W.  B.  ScoBeld  and  0.  Schuohert. 
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8PBOIHKN8    SBOISTBHKD  IM  THE 


When.  Wbenoe. 


Bept..lBaO. 
Aiii.,iaH. 

P 

Julr,  18M..  0 
Bept..Uei. 

Jnir.  un.. 


Jaly,  1881.. 

Aug.,  laei. 

July,  WM.. 


July,  1_- 
Ang..  IBU 
July,   1"' 


Aug.,  leei 
Bept,,  '"'  " 
Au«.j_ 

July, 


BeoeiitbculltfM  oweal  HkU 

RecepMoulltosoirenlTHsll 

BeoeipMcalltflBowenl  Hall 

Reoeptaonlltes  lawensls  Owen  ■ .  ■ 

BeCOIltBCUlll«B  CUDgOSUB  Hill 

Beoeptacultt«s  globalaiis  Bnll... 


lltDODll« 

Blaok  oxide  of  mKDganMe... 
Colamnarla  (.WeoUtK  Hall. .. 


from  slate  {mlnlntke). 


Btrept«lasma  protundut 


atMpMlamia  comlOQlum  Hall? . . . 


DlplogriiDtuB  prlatli  <  HlBlnger)  Hall .. . . 
IllplograptuB  prUtla?  (HtalnKer)  Hall. .. 

DIploKTHptuB  putlUus  Hall 

Dlulograptiu  prlatla  (HlBloKerJ  Hall.... 


Onhla  (PleotorthiR)  whltfleldl  Wlncbell 

OrtblB  (Plectorthla]  plleatella  Hall !!''!'.!.' 

Orthli  fplnorthla)  i>a(itlnBllB  Emmouk'^'.'.'.'.".'.y.''.'.V. 
Oithfa  (DInorthUj  pectlnella  Tar.  sireeneyl  WtuoiMll. 

'ar.  genaana  W.  mod  9. 


OrthlB  (n.>  pocltnella  var.  sweeneyi  Wloctaell. . 
OrthlsCD-laubquadrataHall 

Orthl«(D.)proa»ltaW.«ndB!."!!.""^^^!;';;;!'.'," 
Orthls(D.)deflealaOoaTad 

OrtliUjDlDDthIa)defleotaOODri4'I. .'.'*!  III"!!!!, 
Orthig  Irloenarla  Oontad !.'!!!!!! 
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STATE  GEOLOaiST. 


ADDITIONS.— Cbnlinucd. 

QBNBBAI.  HUaBUX  IN  1868,  1890  A 


Uluneola,  MIdii. 

atevftrtaTllle,  UIdd 

~  mllsB  soutli  at  Cannon  Falls,  Hlnn. 


Ne»r  Pounlaln,  HIdi 
Deoorab,  Iowa 


Dubnqae,  Iowa 

Sprlnm Taller,  Minn.... 
ProBto-    "'-- 


Winona  oounty,  Hltu. .. 
UoDticello,  UIdd 

BoottOD.lh 


Bocklan.  m 

BeloIVWlB 

JanMTlUe.  Wis 

Mineral  Point.  Wla... 

Fonolola  Hlnn 

Freaton,  Ulnn 

Oaonon  Falls.  Uinn... 


Nine  mlloB  B.  ofOannon  Falls.  Minn. 
Two  m.  H.  E.  ot  Cannon  FallB,  Hlnn. 

Kenyon,  Minn 

Twelre  m,  S.  of  Cannon  Falls.  Hlnn. 
Throe  m.  S.  ol  Cannon  Falls,  Ulnn... 
Beven  m.  S.  of  OannoD  Falls,  HIdd.. 
Florenoe.  Iowa 

Grar,  Iowa.. ....';! ""."'i,'.'!!m!"l;^' 

Qranser.  Ulnn 

Graf,  Iowa 


Graf,  Iowa 

Sprlna  VaUey,  Minn 

Near  QrnnBor  ,Hlnn 

t  m.  8.  of  Gannon  Palls,  Ulnn . . 

12  m.  S.  ot  OannoQ  Falls.  Minn . 

I>«ooTah.  Iowa 

2  m.  S.  of  Gannon  Falls,  Ulnn.. 

HcGresor,  iowa 

»m.  a.  or  Cannon  Falls,  Minn.. 

HoOregor.  Iowa 

Sol.  S.  of  Gannon  Falls,  Minn... 

13  m.  9.  ol  Cannon  Fall,  Ulnn.. 

2  m.  B.  E.  of  Gannon  Falls.  Mini. 

8  m.  8.  W.  of  Oanoon  Falls.  Hlnn.... 
7  m.  8.  of  Gannon  Falls,  Minn.. 

Hlneola,  Minn 

Warsaw,  Ulnn 

Kenyoa,  Minn 

Fountain.  Hlnn 

Preaton.  Ulnn 

Deooran.  Iowa 

N««Dab,  Wis 

Osbkosli,  Wis 

Deoorah.  Iowa 


I.  Scofleld  and  0.  Scbocheit. 


O.  Scbuobert. 


O.  Sflbncbert. 

(Samp's  quarry.) 

Boofleld  and  Schdohen. 

G.  achucbart. 
Bcofleld  and  Sobucbert. 


0.  Sobucbert. 

Bcofleld  and  Bohuohert. 

0  Bobnohen. 


Boofleld  and  Bohnelurt. 


_, — ,   .  .illey.  1 
Jaaesrllle.  Wis 

Belolt,  Wis 

Mineral  Point,  Wis... 
HoOrsgor,  Iowa 


U.  Sebuohert. 
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UUSBUU 

SFKOIICBNB  BKOUTB&BD  IS  THB 


N.UIB. 

1 

1 

When. 

Whence. 

l°! 

m 

AUB.,„18M 
Jiily,_  1801 

July,^  1881 

Aug..  _  18*1 
Julf.    IWl 

July,    1881 
Aug..^,  18l» 

April,  im 

Seol._ear*ey. .. 
Geol.SnrTVy!'.: 

! 
1 

1 

TBU 

^ 

;;       ■      :;          :::::::::::::::::::;; 

^ 

;;              "          — 

^ 

ii 

sSS""^"!^;;;;;:;;;;;-;:;;;:;;;;--;;- 

784S 

Beoeptaoulitw  owenl 

BilyjlMs  iMiMiiuUtiiB 

7^ 

^S^^^E:}ez;ee;;;e;: 

sp&m^?"::::::::.::;:::::;;::::::::.:::-.:::;.:: 

Beol.  Surrey  ;.■.■ 

ss 

::        -            -     ::;:;;:::::::::::::::: 

TWS 
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ADDITIONS.— Qmltnued. 

OENERAL  HUBBDH,  1889,   1890  AND  1 


Locality. 

Formation. 

Ool)«etOT  and  ram  arks. 

N       Po     tal     Ml 

Trenton 

Galena.."".:'. 
Trenton'.'.:'*.! 

Galena., ;:'.'.:'. 
Galena....:;:: 

OInolniia'tl',::: 
lUrlan 

xre;..:::::: 

PreslonjMlnn.^ 

STi^w'pobVwta:::'.":::::".:'..::'.;. 

" 

^;J.°o'^'fig?wV■.^. ■.:;::::::::::::■.:: 

?rroftt»ii-Mjniu::::;:;.: 

L^IFumn.  "..-...  .I..::::-::: 

acoBeld  an^obuchert. 

Near  Fountsln,  Mlon 

Dccorah,  Iowa 

Boofleld  and  Schuchert. 
C.  Schuehert. 

iron  KldBO,  wis 

;; 

Shelby  oounty.  Ken tuolcT 

sS^'S."::::: 
Hamilton::::: 

Ohoteau 

Burlington.',:: 

;;            ;;  

;;           ■__■— 

osiena  ::::,. 

BsiS^EEEzy^;- 

S_sllslt?fw;.»WK.»; 

Konyon,  Mtnn 

N.  H.  WInchell. 
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UnSEUM 

BFBCUIEMB   BBOtSTEBBD  IN  THB 


JulJ,_  1891 
Aug..  lesi 


July, 

July,    1891 
Aug.,  ""• 

July, 


OTthla(pBlnianell»teatadlniirla.. 


jKfluplrBDglte,  pjrDxenn  fKcles .... 
Jftouplranglle.  nepbellne  fsctea — 


MagnBtltBTwurlng  rock  .. 


OrtblB  (D.)  Butwqaatft  var.  glbbos&  Blllltigfl^'. 
OrthlH  (D.)  subsequata  var.  perveUi  Oonrad  .. 

Orthls  (D.)  subsquaM  var.  oouradl  Wlnohell.'. . 


LlDgulBrlclnitOrmla  var.galeuensls  W.  andS.... 
Stictoporolla  aogularlB  var  1at«rmedla  Dlrlch.. 

Orthis  teHtudlnarla  var.  nieehi 

StreptelaBnia  profuDdum  Hall 

Feiiesi«llBKranuloBa  Whitfield 

PlHtullpora(??jBoi1dlBa1ma  Whitfield 

Baloalomella 

OonatellBMa  liiBlDi-era  Ulrlch  (HS.) 

BatOBtoTiiDlla  ilmulatrli  Ulrloh 

Tremat<iporaaiiDulirera  Waltfl«ld 

Batostjjmella 

?FlstuilporaienBWhitfleld".'!'.''!!i'.'.*.*!r'.l,*"! 

Monotrypolla  ai^adrata  var.  rectaugularls  Whilflald 
Batostouia 

AtaotO|>orella 

Oallopora 

OatloporarugcwaWbltaoId 

" — lOtrypella 

jlenarlapoiyslomeliiiNloh!!!!! !!!'!! !!!"!". 

Ceramoporella  graaulosB  Ulrloh 

CeramoponsllB  minima  Ulrlch  [MBJ 

Creplporn  elraulaas  Illrtcb 

Anolotlphin  ponderuaa  lUrlob  

iitniinotopora  amchnoldea  Hall 

Batontomella  Erncltis  Nicholson 

BaUHtomcllailmulatrlx  Ulrlob 

Honotrypella  mukltuberoulata  Whitf 

Uonotrypella  reclaaicularia  Whltf 

Oallopora  crenulau  Ulrlch,.. 

CalloporamulUlHbulBtaUlrloh 

HomotTv-pa  sliullls  Poord 
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ADDITIONS.— OwiHnwed. 

C  IfVSBTTM  IN  1889,   1890  AND  1891. 


LoCRlltr. 

FarmstloD. 

Oolleolor  and  remarks, 

Granger  Ulnn 

Galena 

OlnclanatL! '.'. 

»^rwf»:.V::; :::::: :;:;.::::-;::: 

CSohDchert. 

0.  A.  Derby. 

[oudary  sllloa. 

a  teratlontoseoondaryBllfoa.  [eto 
a  teratlon.  irUh  barlbe,  trldymlto. 

Galena..'.::;:: 

HudgonHlvet 
Galena 

Mineral  Point,  Wis 

0.  Scliuohert. 

ScoBeM  and  Hchucbert. 

Nel^A'ron'S&erwis:::::::  ::::;::- 

::     ::      ::  ;-;;;;;;;;:;;;;; 

"       "         "  ::::::::::..::.: 

- 

;:       ;:         ;:  

„Gooi^le 


NINETEENTH  ANNUAL  REPORT" 


Aug.,  leei 


8^ 


MUSEUM 

SFBCncBNB  BXOISTBRBD  m  THB 


ConHtelIa.-ltt 

Stomntopum  Inflata  Hall 

PruEOnjra  Insularla  Ulrluh 

Problsclim  tumulosa  L'lrloh 

IMonlloulIporaramlferaUlrleli 

'0&1Ioi>or&  multl  tabu  lata  DIrlch 

BafawtODiella  trentoDenHla  KtcholaoD... 

HemlphragmH  Irrasum  tllrloh 

Uemlpbragnia  pecuUare  Ctrloh 

CoramoporelU   . 

i^ulenopora  compacta  Bllllogi 


Deka;[a  tTentonensls  Ulrtoh... 
"etigoporaaaperula  Illrlab-  .. 
'rasopora  contlgua  Ulrl'>>' 
Monowypacr— "'-•-  "' 


^aHall.. 


a  Hall... 


_ jIataClrlch 

(iLsal  portion  of  BaUntoma  HpOClOs... 

lomotrrpu  HubranioBB 

Ceramoporella 

Hemlpbraiima  peeuUare  TTlrlCh 

Hemlpbragma  IrrHBum  Ulrich 

BaUwtomella  treDtODSDsIs  NIohpIaOD... 

MontloullporKFamlfera  Ulrich. 

Praiopnra  ooQoldea  Ulrich 

Callopora  crenulata  Ulrloh 

CaloporH  multl  tabu  lata  Ulrich 

BHlOBtoniellatreDtuD«nBla  Nloholson.. 
Henilphrasma  Irraaum  Ulrich... 


Heiulpbragma  pocuUare 
HoDiolrypa  tlmlUs  Koori 


Ulrich... 


f  rasopora  Insularts  DlTlch 

HtmiotrTpa  slmllla  Foord 

DIploporella  obllquata  Utrlcb  (US-I. 

L^ptotrypa  aoervulosHi  Ulricb 

Hoiuotrypa  lubriimoea  Ulrlcb., 

Moiitlcullpora  ranilfera  Ulflcb 

iBalasUima  humlle  Ulrich 

'UenilphrBKma  Irrasuiu  Ulrlcb 

ll'oUnopora 

iStomatapora  proutana  Ulllet 

Callopora  multl  tabu  lata  Ulrtch.... 
(Callopora  ccenulata?  Ulrlcb 

Memautporu  oyalls  Ulrk ' 


try  pa 


UlHoh.. 


Hoii.t„,r- 

Baiostoma  fertile?  Uliioh. 

Dekayella 

VIcholSOnella '" 

— rthropora  alinplex  Ulrich 

Khlnld^tya  nlcholwnl  Ulrloh 

Batvstuma 

Heiulpbragma  Irraaura  DIrlch  .     ,., 
Batoitomella trentoneaalB  Ulrlcli... 

Romotrypella 

BatnstomoUaDanaClrli^ 

7  Callopora  crvDulata  Ulrloh 

Callopora  muUltafulata  Ulrich 

Bat<B(cmel1a 

UoDtiuullporo.  


Alactopora  typical  la  var.  prancnraor  Ulrloh... 
llumotryps  inlnneBatenBls  Ulrich 

Honiutrypa  exllls  Ulrloh 

Btttostomawlm  belli  Ulrlcb 

BaloBtotna  mlnnusotenals? 

AtACIuporella  typlci  '  '  ' 


Oailopura  augularla  tl 

Dekayella 

HoDiolrypa  BubranKMB  Ulrlab... 
By thopora  berrlckl  Ulrlcb 
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ADItfTIONS-OonKnued. 

QBKBBAL  HITSKOM,   1889,   1890  AND  1891. 


Locality. 

Collector  and  remarks. 

<1m.  S 

of  Obdoo 

a  rallB.UItiD 

eHleoa 

Galena.. ;:::" 

Trenton!!!!!! 
Galena 

Trenton  ,,!!!' 
Qalena.  .!!!!! 

ScoBeld  and  Bchuobert. 

" 

■ 

flm.  8 

of  Obudod 
of  Oanuon 

!!         :; 

7>u.8 
S  ni,  S 

Palls.  Mintt 

::  :::::::: 
Falls,  Mion::::;::: 

::  :;::;;:; 

W.H.BooBeia. 

eld,  Hinn.' 
Fouptalni 

W-  H.  acofleld. 

Nnar 

8cofleld  and  Schuphert. 

;: 

:.     :; 

■■ 

■' 

1 
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ADDITIOIS  TO  TAB  LIBR&BT  SIHCE  TAB  BEPOBT  OF  1S89. 


Albany.    Kew  York  State  Museum  of  Natural  History.    Anaual  reports, 

36  and  38. 
AUenburg.    YereiDS  fUr  Naturwlssenscbaft;  zu  Braunscbwetg.  1B80-81,  IS61 

82, 1882-83,  1883-84,  1884-85, 1885-86. 
Avgabury.    tiaturwlsseuscbaftlictaeu  Yereias  fiir  Schwaben  uud  Neuberg 

friiher  Naturhlstorlscbeu  Verelns.    Berlcbt,  xxx. 
Austin.    GreoloKical  survey  of  Tents.    Annual  Report,  It. 

B 
Baliimore.    American  Chemical  Journal,    xil,  8.    xlii,  1-4,  6. 
Bombay.    Naturforechenden  Gesellscbaft.    Bericht,  xv. 
Batel.    Naturforschenden  Gesellscbaft.    Verbandl.  Ix,  1. 
Bd/aU.  ■  Kabural  Hlstorj'  and  Philosophical  Society.    Beport  and  pro- 
ceedings for  1889-90. 
Belgrade.    Annates  g<!ologiques  de  la  p^ninsule  Balkanique.  Tome  11. 18S0. 
Bergen.     Mnaeum.    Aareberetning,  1889. 
Berlin.    Gesellschatt  fur  Erdkuude,  Verhandlungen,  xvll,   7-10.   xvitl, 

1-8,  Zeltschrlft,  xxv,  4-6,  xxvi,  1-3. 
Bern.    Naturforschenden   Ge^llschafC,  Mlttbellungen,   1SS9,  Nr.  1215- 

1264. 
Bonn.    NaturhlstoriBChen  Yereios  der  preusBlschen  Bbeinlande,  West- 

falens,  und  des  Reg.-Bezlrka  Oanabnick,  Yerhaudlungen,  v,    46Ui 

Year,  t,  1  and  2,  47th  Year,  v,  1,  48tb  Year. 
Boston.    Massachusetts  Horticultural  Society,    Transactions  for  1885,  ii. 

American  Academy  of  Arts  and  Sciences,  Proceedings,  xtU. 
Brauneckvxig.    Yerelna  fur  Naturwissenscbaft.    Jabresbericbt  ftir  1887- 

88  uud  1888-89. 
Brunn.    Katurforscbenden    Yerelns.    Yerhandiungen    xxvlii.       Het«- 

orologlschen  Commission,  Bericbt  fUr  1888. 
Bruaeliss.    Sociftf  Entomologtque  de  Belgique.     Compt^Bendu,  iv,  Z-IO. 
Budapest.    FoldtanI  Kozlony.    xx,  &-12,  xxi,  1-6. 

C 
Cambridge.    Museum  of  Comparative  ZoSIi^y.  Harvard  College.  Bulle- 
tin, XX,  2-6 ;  xvil,  9  ;    xxl,  1-5.    Annual  report,  1889-90.    Appalachian 

Mountain  Club.    Appalachia,  vl.,  2,  3. 
Uossel.    £5alRlIcben    mineraloglsh-geologlscben    und     priehlstorlscben 

Museum  lu  Dresden.    Ix. 
Ghapel  Bill.    Ellsha  Mitchell  Scientific  Society.    Journal,  vli,  2. 
Chriaiania.    The  Norw^lan  North-Atlantic  Ezpedltiou,    1876-78,  xx. 

Norses  Geoligiske  UDdersdgelse.    Selbu.    Af.  C.  H.  Homan. 

Norwegischen  Meteorologiscben  Instituts.     Jahrbucb  ftlr  1868, 1889. 
CAeyenne.    Annual  report  of  the  Territorial  Geologist  of  Wyoming  for 

1889. 
Cincinnati.    Society  of  Natural  History,  Journal,  xviii,  3,  4;  xiv,  1, 2. 
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Darmstadt.    VeretDS  fUr  ErdkuDde,  Notfzblatt,  Iv,  2. 

Denver.     Colorado  Scientific  Society,    Proceedings  ill,  2. 

Dea  Moines.    Iowa  State  Horticultural  Society.    Transactions,  xxi,  x: 

DMblin.    Boyal  Dublin  Society.    Proceedings,  vi,  5.    Part  7,  8  aud,9. 


EAiiJniTgh.    Geoic^lcal  Society.    TrannactloDS,  vi,   1,  2.    iil,  3.    Boyai 

Society.    Proceedlngn,  xvli. 

F 
Frankfort.    Geological  Survey  of  Kentuclty.     Report  on  the  geoit^y  of 

Wiiitley  county  and  ot  part  of  Pulaski,    Report  on-  tiie  geology  of 

CllDtOD  COUDty. 


QUwgowi,    Plillosophical  Society.    Proceedings,  kxI.    Geolc^ical  Society. 

Transactions,  ix,  I. 
Qranville.    Scientific  Liaboratorles  ot  Oenlsou  University.    Bulletin,  vi,  I. 

H 
Halifax.    Nova  Scotian  Institute  of  Natural  Science.     Proceedings  and 

Transactions,  vtl,  4. 
Mambwrg.    Utrum  Hetu^rit  Tiberius  Qermanicum  necne  quaeritur,  1890. 
Hanomi.     Naturhistorlscben  Gesellscbaft.     Jahre6l>ericht  xzvltl,  zxilx. 

I 
Lyaa  City.    Laboratories  of   Natural    History,  University.     Bulletin, 
11, 1. 


Kan»a»  CUy.    The  Kansas  City  Scientist,  v,  7. 

KieL.  University.    72  Inaugural  dissertations;  5  other  pamphlets  and 

circulars. 
Ronigsberg.    PbysDcalisch-okonomiscben  Gesellschaft.      Schrlften,  2l8t 

Year,  1880. 

L 
Leipzig.    Verelns  far  GrdllUQde,  Mlttheilungen,  I8T5-1886,  1689,  1890. 
lAUe.    Soci^t^  G^ologique  du  Nord.    Annales,  svii,  xviii. 
Lund.    University.    Acta  UnlversltatlsLuiidensis,  xxvi. 

M 

Madison.    Wisconsin  State  Horticultural  Society.    Transactions,  xvll. 
Marburg.    Geselischafr.ur     Beffirderungder    geeammten     Naturwlssen- 

schaften.    Sitzungsberlchte  fUr  1889  und  1890. 
Meekimharg.    Yerelns  der  Fruende  der  Naturgeachtchte.    Archlv,  41th 

year. 
Mendfm.    American  Antiquarian,  xlii,  4. 
Meriden.    Scientific  Association,    Transactions,  Iv. 
Metz.    Yeretns  fur  ErdkuDde.    Jab resbe rich t,  xil. 
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Mexico.    Suciedad  Oientlfica  "AatoDlo  Alzate."    Hemorlaa  y  Bevista,  lii, 

».  10,  iv,  I-IO. 

Observatorio  MeteoroloKlco-Magnetico  Central.    Boletio  Mensual,  ii, 

10-12,  iii,  1. 

Informes  7  documeDtoa  relatives  a  Coiaerico  Interior  j  Exterior  Agri- 

cultura,  Minerla,  ^  ladustriaa.    60  63,  65,  66. 
Minneapolis.     American  (JeologiBt,   vl,  5,  fl:  vli,  1-6;  vlll,  1-3,    &eol(%[cal 

and  Natural  History  Survey  of  MlDnesota.    Annual  report,  xvill, 
Montreal.    Canadian  Eecord  of  Science;  iv,  i,  S. 
MoscoiB.     Soclete  Impdrlale  des  Naturallstes.    Bulletia,  1889,  4,   ISOO,  14. 

Bellage  zum  Bulletin  Iv,  1890,  1,  2. 
Munchen.    Geographlschen  GesellBchaft.  Jahresberlcht  fOr  1886  und  1889. 

Index  of  Vols,  i-iil. 

PbysikallBch-mediclDischen  Socletat  Id  Erlangen  Sitzungsberichte; 

xitll. 

N 
Veto  York.    American  Oe(%rapblcal Society.  Bulletin,  xieII.3,4;  xxiii,  1,2. 

Academy  of  Sciences.    Transactluas  vlll,  1-8;  Ix,  3-8,  xl.  ADaa]s,T,4-S. 

American  Museum  of  Natural  History.    Bulletin,  1, 1-6,  Ii,  1-4,  III,  1, 

pp.  m-m,  ill,  1.    Annual  report  18W-9I. 


OUatoa.  Geological  Survey  of  Canada.  Summary  report  for  1890.  Con- 
tributions to  Canadian  Palaeontology,  1,  part  111,  No.  5.  Annual 
Report,  Iv. 

P 

Faria.  Soclete  Zoologlque  de  France.  Bulletin  xt,  6-10,  xvi,  1-6.  Hem- 
oirea,  iil,  2-5,  iv,  1,2. 

Die  Internationale  General-Konferenz  fur  Haass  und  Gewlcht,  1889. 
Soclete,  des  Sciences  Naturelles  de  I'Ouest  de  la  France,  Bulletin,  I, 
I  and  2. 

FhQaMpftia.  American  Naturalist,  xxlv,  285-8.  xxv,  289-97.  Wagner 
Free  Institute  of  Science.  Transactions,  HI.  Academy  of  Natural 
Sciences.    Proceedings,  1890.  2.  3;  1891,  1 ,  2. 

Frag.  Konlgl.  tiobmiscben  Gesellscbaft  der  Wlssenscbaften.  SlUUDgs 
berichte,  1889,  l,  2;  1890, 1,  2.    Jabresberlcht,  1889, 1890. 


Hegensburg.    Naturwissenscbaftlichen  Verlens,  Berichte,  xl. 
Rocheater.    Academy  of  Science,  Proceedings,  1,  l. 


Sakm.  American  Association  for  tbe  Advancement  of  Science.  Pro- 
ceedings, xxllt.  Meeting,  Hartford,  1874;  t1.  Meeting,  Albany.  1851; 
ix.  Meeting.  Providence,  1855. 

St.  Louis.  Academy  of  Science.  Tbe  total  eclipse  of  tbe  sua.  Report  o( 
Washington  University  Eclipse  Party,  1889.  Missouri  Botanical 
Garden.    Annual  Beports,  1  and  11. 

St.Faul.  Minnesota  State  Horticultural  Society.  TraDsactlons,  I86ft- 
1878,  1880.    Annual  Beports  1883,  1884,  1887-1890. 
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Bt.  PeUrsburg.  Comite  Geologique.  BullBtln  Iv,  8-10;  v,  1-11,  vi,  1-13,  vH, 
1-10,  vHi,  1-10,  ix,  1-8.  Supplements  for  It,  vI,  ?lt,  and  Ix.  Memoirs 
il,  2-5, 111,1-*;  Iv,  1,2;  T,  1-5;  vl],2;  vil,  1,  2;  Till.  1,  2;lx,l;x,  I;  xi,  1. 

Ban  Francisco.  California  Academy  of  Sciences.  Occaaloaal  papers;  i, 
and  ii.   California  State  Mining  Bureau.    Aooual  Report,  x. 

San  Jose.    Institute  FIslco-geofrrafIco  Naclonal.    Anales,  111,  1 . 

San  Salvador.     Otservaclones  Met«orol(^caa,  June,  1891. 

Santa  Barbara.     Society  of  Natural  History.     Biilletln  1,  2. 

Sao  Paido.     Commissao  GeograpblcA  e  Geologlca  do  E^tado,  4-7. 

Sbivanger.     Museum.     AarssberctniDg  for  ISBO. 

SUxiAolm.     EQtomologlsk  Tldskrlft,  II.  1-3,  iv,  v. 
T 

7oronto.    Canadlaa  Institute,  Transactions,  i,  1,  2.    AoDual  Report,  4. 
U 

UpsiUa.     Universitals  Aasskrltt,  1889. 
W 

Wtuhington.    TJ.  S.  National  Museum,  Report,  1887-88,  pp.  3-84,  93-104, 
107111,  225-386,  387-491,  493-529,   531-587.  589-596.  697-671,  677-702.     Re- 
port, 1885-86,  pp.  703-811.     Proceedings,  xll,  789.  xll!,  815-819,  xiv,  792- 
788,  320-850,  852-857,  861-863.    Bulletin  39.    Parts  A,  B.  C.  D  and  E, 
Report  of  a  Oeologi(;al  Reconoolssance  made  in  1836  from  the  seat  of 
government  by  the  way  of  Green  Bay  and  the  Wisconsin  Territoiy  to 
the  Coteaude  Prairie.    ByG.  W.  Fea  there  too  haugb . 
Smithsonian  Institution,  Annual  Reports  for  1888 and  I860. 
U.  S.  Geological  Survey,  Monograph  1.    Annual  Report,  9,  for  1887-88. 
Mineral  Resources  of  the  United  States  for  1888.     Bulletin,  58-61,  63, 
64,  66. 
U.  S.  Entomol<«lcal  Commlssioa.    Bulletin,  Hi. 

WelHngUm.  Colonial  Museum  and  Geological  Survey  of  New  Zealand. 
Report  of  Geological  explorations  during  1888-89.  Studies  f  n  BlolOfCf 
for  New  Zealand  Students,  4.  Annual  Report,  24  and  23.  Catalogue 
of  Library. 

Wien.    K.  E.  Naturhifitorlschen  Hofniuseunis,  v,  3,  4.  vl,  I,  2. 

K.  K.  Zoologisch-botanlschen  Gesselschaft.    Verbandl.  xl.,  3,  4;   xli, 
1  and  2. 

DONATIONS. 

Bachmann,  F.  Dielandskundllche  LIteratur  liber  die  Grossherzogthrmer 
Mecklenburg,    filbllographlsche  Zusammenstelluug.  1889. 

Bausch  &  Lomb  Optical  Co.    Special  circular.    Sept.  1891. 

Oeinitz,  H.  B.  NachtrHgiiche  Mitthellungen  Uber  die  rothen  und 
bunnten  Mergel  der  oberen  Dyas  bel  Manchester.  Naturw.  Geeselsch, 
IbIs  in  Dresden,  188B     Abd.  ill.    S.  48  [missing]. 

Yates,  L.  G.  The  Mollusca  of  Santa  Barbara  County,  California,  and 
New  Shells  from  the  Santa  Barbara  channel. 

BY  PURCHASE. 
Die  PflauKenlause.    Aphiden.     Von.  C.  L,  Koclc.  1887. 
Honographle  der  FamRlen  der  Pflaozenlause,  von  J.  H.  Kaltenbach,  1872. 
Teraucb  einer  Elntheilung  der  Planzenlause  nach  der  Fingelbildnng,  von 

Dr.  Th.  Hartig.  1841. 
GliAfldi  con  unFrcspettB  del  Qencrl  ed  Alcune  Specie  Unoreltaliane, 

per  Giovanni  Passcrlnl,  1860. 
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CATALOGUE  OP  THE  METEORITES  IN  THE  UNIVER- 
SITY COLLECTION.  WITH  REFERENCES  TO 
LITERATURE  DESCRIBING  THEM. 


A  number  is  given  to  eacli  fall  represented  in  the  collection. 
Where  there  are  several  specimens  from  the  same  fall  small 
italicized  letters  are  used.  A  complete  bibliography  of  the  fol- 
lowing meteorites  has  not  been  attempted,  but  under  each  fall 
we  have  tried  to  give  the  reference  to  the  first  description, 
and  to  other  articles  containing  exhauEtive  descriptions,  or 
new  facts  not  mentioned  in  the  first  description.  The  cata- 
logue is  arranged  chronologically  as  to  the  dates  of  fall  or  dis- 
covery. 

No.  1.    Medvedewa,    Krasnojarsk^    Siberia.      [The    Pallas 
IroD.]     Found  in  1749. .    Museum  number,  4119. 
G.  Rose;  Pogg.  Ann.,  1825,  iv,  p.  186. 
N.    von   Kokscharow;    Bull.    I'Acad.    Imp.    Soc.    St- 
P^tersbourg,    1870,    xx.   No.   S. — M€moires  I'Acad. 
Imp.  Soc.  St.P^tersbourg,  xv.  No.  6. — Jahrb.  Min- 
eralogie,  1870,  p.  778. 
A.  Langier;  Mem.  Mus.  Hist  Nat.,  1817,  iii,  pp.  341-352. 
E.  H.  vonBaumhauer;  Archives N^erlandaises,  1871,  vi. 
G,  von  Helmersen;   Zeitsch.  Deutscb-  Geol.    Geseil., 
xzv,  p.  347.      A  Goebel;  Bull,  Ac.  Imp.  Sc.,  St.- 
P^tersbourg,   1874,  xx,  p.  100. 
Iron.     Irregular   ragged  specimen  of  a  coarse  metallic 
sponge,  enclosing  olivine  in  more  or  less  rounded  cavi- 
ties.    Most  of  the  olivine  has  fallen  out.     Weight,  144 
grams. 

[By  exchange  with  Yale  OoUege.  ] 
No.  2.     Istlahusea,  Tolnea,  Mexico.     Found  in  1784.     Mu- 
seum number,  4694. 
Gazeta  de  Mexico,  1784-'85,  vol.  i,  pp.  146,  200. 
W.  J.  Taylor,  Proceed.  Acad.  Nat.  Sci.  Phila..  1856, 
vol.    vui,  pp.    128-130*.— Am.    Jour.   Sci.,    1856,   [2], 
xxii,  pp.  374-376. 
Iron.     Irregular  rusted  piece.     Two  sides  polished,  one  of 
them    showing  well  marked  Widmannstnttian  figure& 
Weight,  105.6  grams. 

[By  exchange  with  Prof.  C.  V.  SkepardJ\ 
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No.  3.     Zacatecafl,  Mexico.    Found  in  1792.     Museum  number, 
4696. 
C.  Bergmann;  Neues  Jahrb.  Min.,  1856,  p.  297. 
H.  Mueller;    Quart.   Jour.   Chem.   Soc,   1859,  xi,  pp. 
236-240. 
a.  Iron.     Irregular    fragment.     One    side    polished,    the 

others  rusted.     Weight,  1.45  grams. 
6.  Smaller  rusted  fragments  similar  to  a.     Weight,  2.18 
grams. 

[By  exclmnge  ivith  Prof.  C.  U.  Shepard.] 
No.  4.    Albaeher  Huehle,  Blthnrg^  Bhenish  Prussia.    Found 
in  1802.     Museum  number,  4416. 
J.  P.  John;  Jour.  Chemie  u.  Physik,  1826,  xlvi,  p.  386. 
Iron.     Small  fragment,  much  rusted  and  similar  in  appear- 
ance to  the  Ovifak  iron.     Weight,  4.55  grams. 

[B)/  exchange  with  Prof.  C.  U.  Shepard.] 
No.  5.     Darango,  Hexieo.    Found  in  1804(?).     Museum  num- 
ber, 4419. 
Iron.     Fragment  Vhich  has  been  hammered  and  one  end 
broken  off.     Weight,  10  grams. 

[By  exchange  with  Prof.  C.  V.  Shepard.] 
No.  6.     Weston,  Falrfleld  Co.,    Oonneetieut.      Fell    at   6:30 
a.  m^,  Dec.  14,  1807.     Museum  number,  4122. 
Profs.  Silliman  and  Kingsley;  Am.  Jour.  Sci.,  1869  [2], 

xlvii,  pp.  1-8. 
(This  account  is  reproduced  from  the  Memoirs  of  the 
Connecticut  Academy  of  Arts  and  Sciences) 
Stone.     Gray  ground-mass  holding  chondri  and  grains  of 
iron  scattered  through  it.     Fragment  with  a  small  por- 
tion of  the  crust  attached.     Weight,  &  grams. 

[By  exchaitge  wilh  Yale  (College.] 
No.  7.     Stannern,  Iglan,  Moravia.    Fell  at  6  a.  m.,  May  22, 
18(B.     Museum  number,  4408. 
J.  Moser;  Ann.  Physik,  1808,  xxix,  pp.  309-327. 
C.  Rammelsberg;  Ann.  Physik,  1851,  Ixxxiii,  pp.  591- 

597. 
G.  Tschermak;  Min.  Mittheil.,  1872.  heft  ii,  p.  83. 
a.  Stone.     Light  gray  fragment    One  face  has  a  black 

vitreous  crust.     Weight,  0.95  grams. 
6.  Smaller  fragment  of  the  same.     One  side  shows  crust. 

Weight,  0.4  gram, 
c.  Smaller  fragments.     Weight,  0.13  gram. 

[By  exchange  with  Prof.  C.  U.  Sh^>ard,] 
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No.  8.     Babb'n  Hill,  tireen  Co.,  Tennessee.      Found  in  1818. 
Museum  number,  3351. 
G.  Troost;  Am.  Jour.  Sci.,  1845.  [1],  xlix,  pp.  342-344. 
C.  U.  Shepard;*  Am.  Jour.  Sci.,  1847,  [2],  iv,  pp.  76-77. 
W.  S.  aark;  Metallic  meteorites,  1852,  pp.  65-66. 
Iron.     Thin  slab;    one  side  has  been  polished  and  etched 
but  shows  no  distinct  figures.     Two  of  the  edges  show 
crust.     Weight,  21  grams.       ' '  Its  color  is  rather  whiter 
than  that  of  pure  iron;  and  it  is  very  malleable,  equal,  if 
not  superior,  in  this  respect  to  the  softest  wrought  iron." 
(Am.  .lour.  Sci..  [1],  xlix,  p.  343.) 

[By  excluinge.  loith  Prof.  J,  L.  8mith.'\ 
No.  9.     Javenas,  Ardeche,  France.    Fell  at  3:S0  p.  m.,   June 
15,  1821.     Museum  number,  3339. 
L.  N.  Vauquelin;  Ann.  Chemie  u.  Physik,  1821,  xviii, 

pp.  421-423. 
A.  Langier;  Ann.  Chemie  u.  Physik,  1821,  xix,  pp.  264 

^273. 
C,  Rammelsberg;  Ann.  Physik,  Chemie,  1838,  Ixxviii, 
,    pp.  585-500. 

a.  Stone.  Fine  grained,  gray,  crumbling,  showing  almost 
no  iron.     Weight,  0.98  grams. 

b.  Two  smaller  fragments  of  the  same,  showing  part  of  a 
black  vitreous  crust.    Weight,  0.42  grams. 

c.  Four  smaller  fragments.  No  crust.  Weight,  0.42  grams. 

[By  exchange  tvitk  Prof.  J.  L.  Smith.] 

No.  10.     Coaholla,  Mexico.    Museum  numbers,  3349  and  3361. 

Found  in  1827  {?).     Museum  numbers,  3349  (6),  3361  (o). 

J.  L.  Smith;  Amer.  Jour.  Sci.,  1855,  [2],  xix,  pp.  160- 

161;- 1869,  [2J,  xlvii,  pp.  388-385;     1876,  f3],  xii,  pp. 

109^110;   1878,  [3],  xvi,  pp.  270^272. 

a.  Iron.  Rectangular  block,  with  five  faces  polished,  the 
sixth  face  showing  a  dull  brown  rusted  surface.  Weight, 
3060  grams. 

b.  Daubri^elite  from  the  above  meteorite.  .  Weight,  0.0562 


[By  exchange  with  Prof .  J.  L.  8miili.'\ 

Drake  Creek,  near  NashTllle,  Tennessee.    Fell  at  4 

■y.  m..  May  9,  1827.     Museum  number,  3358. 

H.  Seybert;  Am.  Jour.  Sci.,  1830,  [1],  xvii,  pp.  326-3^. 

E.  H.  Baumhauer;  Ana.  Physik.  Chemie,  1645,  Ixvi,  pp. 

498-503. 
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a.  Stone.  Gray,  fine-grained  groundmass,  with  many 
small  grains  of  iron.  One  face  has  a  dull  brown  crust 
"Weight,  13.5  grams. 

b.  A  smaller  fragment  of  the  same.     Weight,  2  grams. 

[Ry  exckange  with  Pro    J.  L.  Smith.] 
No.  12.     ToQllle,  FoUters,  Tienne.  France.    Pell  July  18, 1831. 
Museum  number,  4697. 
Stone.     Gray,  sprinkled  with  bright  iron  grains.      No 
crust.     Weight,  0.4  gram. 

[By  eaxhange  with  Prof.  C.  U.  Shepard.  ] 
No.  13.     Coshulla,  Mexico.  [Bntcher  Irons.      Found  in  183f! 
Museum  dumber,  3358. 

J.  L.  Smith;  Am.  Jour.  ScL,  1855,  [2],  xix,  pp.  160-161; 
1867,  [2],  xliii,  pp.  384^385;    1869,"  [2],  xlvii.  pp.  383- 
385. 
Iron.     Cut  slab,  not  polished  ;  one  side  shows  a  grain  o 
daJbr^lite  surrounded  by  troilite.  Weight,  67.35  grams. 
[By  exchange  vnth  Ptof.  J.  L.  Smith.] 
No.  14.    Cold  Bokkeveld,  Cape  of  Good  Hope,  Afk-lca.    Fell  at 
9  a.  m.,  Oct.  13,  1838,     Museum  number,  3341. 
M.  Faraday;  PhUosoph.  Trans.,  1839,  pp.  83-87. 
E.  P.  Harris;  Sitz.  WienAkad.,  1859.  xxxv,  pp.  5-12. 
Stone.     Black,  with  white  specks,  but  apparently  no  iron. 
Weight,  1.45  grams. 

[By  excJtange  with  Prof.  J.  L.  Bmith.'] 
No.  15.     Pine  BJnff,  little  Piney,  Hlssonrl.  Fell  at  3:30p.  m., 
Feb.  13,  1839.     Museum  number,  4,410, 
C.  U.  Shepard;    Am.  Jour.  Sci.,  1840,  [1],  xxxix,  pp 
254-255. 
Stone.     Light  gray,  with  darker  grains  and  small  specks 
of  iron  scattered  through  it.     Fragment,  without  crust. 
Weight,  1.4  grams. 

[By  exchange  wiUi  Prof.  C.  U.  Shepard] 

No.  16.     Putnam  Coanty,  Georgia.    Found  in  1839.     Museum 

number,  4693. 

J.  E.  Willet;  Am.  Jour.  Sci.,  1854,[2],xvii,  pp.  331-332. 

Iron.     Small  irregular  fragment,  mu(^  rusted.     Weight, 

34  grams. 

[By  exchange  with  Prof.  C.  U.  Shepard.] 
No.  17.     Coney  Fork,  Carthage,  Smith  County,  Tennessee. 
Found  in  1840.     Museum  number,  3348. 

E.  Boricky;  Neues  Jahrb.  Min.,  1866,  pp.  808-810, 


.,Coo»^lc 


174  NINETEENTH  ANNUAL  KBPORT 

Iron.  Specimen  with  three  cut  faces  at  right  angles,  to 
each  other.  These  faces  are  polished  and  two  of  t^em 
show  Widmannstattian  figures.     Weight,  198.5  grains. 

[By  exchange  with  Prof.  J.  L.  SmithJl 
No.  18.     Magnra,  Szlanieza,  Arra,  Hnngary .    Found  in  1840. 
Museum  number,  4123. 
A.  Loewe;    Neues  Jahrb.  Min.,  1849,  p.  199. 
C.  Bergmann;  Ann.  Physik.  Chemie.  1857,  pp.  256-260. 
A.  W.  Wright;  Am.  Jour.  Sci.,  1875,  [3],  ix,  pp.  294- 
302. 
IruQ.     Irregular  specimen  with  one  face  polished,  another 
showing  the  crust.     Largely  made  up  of  bright   nickel- 
iferous  iron.    'Weight,  23  grams. 

[By  excliange  with  Tale  Cotle{/e.'\ 
No.  19.     Posinsko   Selo,  Hilfna,  Croatia.    Pell  at  3  p.  m., 
April  26,  1842.     Museum  number,  4411. 
Stone.     Light  gray  fragment  with  no  crust.     Sh^ws  grains 
of  iron.     Weight,  2.51  grams. 

[By  exchange  with  Prof.  O.  U.  Shepard.'\ 
No.  20.     BishopvUle,  South  Carolina.     Fell  March  25,  1843. 
Museum  number,  4699. 
C.  IT.  Shepard;  Am.  Jonr.   Sci.,  1846,  [2],  ii,  pp.  379- 

381;  1848,  [2],  vi,  pp.  411-414. 
W.  S,  von  Walterhausen ;  Ann.  Chem.  Pharm.,.1851, 

Ixxix,  pp.  369-374. 
J.  L.  Smith  ;  Am.  Jour.  Sci.,  1855,  [2],  xix,  pp.  162-163 ; 

1864,  [2],  xxxviii,  pp.  225-226. 
G.  Rose ;  Abh.  Berlin.  Akad.,  1863,  pp.  117-122. 
C.  Rammelsberg;  Abh.  Berlin.  Akad.,  1870,  pp.  121-123. 
M.  E.  Wadsworth;  Am.  Jour.  Sci.,  1883,  [3],  xxvi,  pp. 
32-36,  248.— Mem.  Mus.  Comp.  Zool.,  1884,  xi,  pt  1. 
pp.  199-201. 
G.  Tschermak;  Die  Mikros.  Besch.  der  Meteoriten. 
1883,  i,  pp.9,  10.— Sitz.  Wien.  Akad..  1883.  Ixxiviii. 
[1].  pp.  363-365. 
Stone.     White  and  gray.     A  number  of  small  fragments 

and  some  powder;  also  a  few  fragments  of  the  crust. 
Id  1S46,  Shepard  described  three  new  minerals  from  this  meteorite. 
— cbladnlte,  ld[oIlt«  and  apatold.  The  last  two  are  usually  con- 
sidered as  easily  decomposable  compounds  of  sulpbur  with  other 
elements  o(  the  stone.  The  silicate,  chladnite,  has  aroused  much 
discussion,  and  several  mineralogists  have  InvestiK^ted  the  mete- 
orite because  of  this  mineral.    The  general  opinion  seems  to  be 
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tbatchladniteissjmllartoeDHtatitfi.  But  Wads  worth  says ;  "Chlad- 
nltu  ought  no  longer  to  be  regarded  aseostatlteof  the  purest  kind, 
ae  stated  In  most  mlueralogles,  but  rather  as  a  mineral  aggr^ate 
ot  which  enstatite,  feldspar  and  auglte  are  the  principal  con- 
stituents. 
Weight  2,49  grams. 

[By  exchange  tuith  Prof.  C.  V.  ShepardL] 

No.  31.     Sevier  Connty,  Tennessee.    Found  in  1845.     Museum 
number,  3346. 
Iron.     Irregular  rusted  fragment  of    uickeliferous  iron. 
This  meteorite  is  supposed  to  be  identical  with  the  oae  ' 
which  was  described  in  1840  from  Crosby's  Creek, 
Cocke  Co.,  Tennessee.     Other  specimens  contain  nod- 
ules of  graphite.    Weight  46.5  grams. 

[By  exchange  wit  i  J.  L.  Smith.] 

No.  22.     Hartford,  Linn  Co.,  Iowa.     Fell  at  2:45  p.  m.,  Feb. 
25,  1847.     Museum  number,  3761. 

C.  U.  Shepard;  Am.  Jour.  Sci.,  1847,  [2],  iv,  pp.  288-289; 

1848,  1 2],  vi,  pp.  403-405. 
C.  Rammelsberg;  Monatsber.  Ak,  Wiss.  Berlin,    1870, 
Ixx,  pp.  457-459. 
Stone.     With  light  gray  groundmass  showing  chondritic 
structure,   and  with  numerous  grains  of  iron,  some  of 
them  quite  large.     One  face  polished.     Two  of  the  edges 
show  a  dull  black  earthy  crust 
Shepard  remarlcs;  "The  most  remarkable  feature  of  the  Iowa  stone, 
however,  consists  In  thehomogeneousaess  of  itsearthy  composition. 
Itappears  to  contain  but  a  single  mineral  species  of  this  descrip- 
tion, and  this  one  which,  though  perhaps  the  most  common  )n 
other  meteoric  stones,  has  until  now  escaped  aseparaterecognltioD. 
I  have  therefore  ventured  to  bestow  upon  It  a  distinct  name,  that 
ot  howardiu."  Rammelsberg  laterfoundthathowardite  was  mainly 
a  mixture  of  olivine  and  bronzlte. 
Weight  21  grams. 

[By  exchange  with  Prof.  C.  U.  Shepard.] 
No.  23.    Hnrfreesboro,  Butberford  Co.,  Tennessee.    Found 
in  1847.     Museum  numlDer,  3355, 
G.  Troost;  Am.  Jour.  Sci.,  1848,  [2].  v.  pp.  351-352. 
Iron.     Slab  with  one  face  polished  and  etched.     Shows 
typical  Widmannstattian  figures.  Weight  66. 5  grams. 

[By  exchange  with  Prof.  J.  L.  Smith.] 
No.  24.     Monroe,  Csbsrras  Co.,  North  Carolina.     Fell  at  3 
p.  m.,  Oct  31,  1849.     Museum  number.  4698. 
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J.  H.  Gibbon;  Am.  Jour.Sci.,  1850,  [2],  ix,  pp.  143-146. 

C.  U.  Shepard;   Proc.  Am.  Assoc.  Adv.  Sci.,  1850,  iii, 

pp.  149-152. 

Stone.    Small  fragment  witbont  any  crust     Dark  gray  with 

light  grains,  and  thickly  sprinkled  with  iron.    Waight 

3.1  grams. 

[5^  exchange  with  Prof.  C.  U.  Shepard.] 

No.  25.     Union  County,  Georgia.     Pound  in  1853.     Museum 
number,  4414. 
Iron.     Small  fragments,  much  rusted.     Weight,  0.63  gram. 
\By  exchange  wUh  Prof.   G.  U.  SAepord.] 
No.  26.     Sarepta,  Harator,  Russia.    Found  in  1654.     Museum 
number,  4413. 
J.  Auerbach;  Sitz.  Wien  Akad.,  1864,  xlix,  [2],  p.  497. 
Iron.    Cuttings.     Weight,  2.5  grams. 

[By  exchange  with  Prof.  C.  U.  Shepard.] 
No.  27.     Cranboame,  near  Melbourne,  Victoria,  S.  Australia. 
Found  in  1854.     Museum  number,  3341. 
W.  Haidinger;  Sitz.  Akad.  Wiss.,  xliv,  April  18,  June 

6,  and  Oct.  17,  1861;  xlv,  Jan.  9,  1862. 
Walter  Flight;  Phil.  Trans.,  1882. — Chapter  in  the  his- 
tory of  meteorites,  1887,  pp.  174-181. 
a.     Iron.     Rough  fragment,  almost  silver-gray  in  color. 

Weight,  3.9  ?rams. 
ft.  Another  similar  fragment.  Wiaight,  3.5  grams, 
c.  Fifteen  smaller  pieces.  Weight,  4.08  grams.- 
"This  meteorite  coDtains  maoy  nodules  of  trolllte  lying  here  aod 
there  amongst  the  plat«s  and  crystals  of  nickel-Iron,  always  to 
rounded  masses,  only  very  occasionally  an  lU-deflned  cleavage  plane 
being  met  with.  Tbey  vary  in  size  from  half  an  inch  to  more  than 
two  inches  in  length,  are  usually  covered  with  a  thin  layer  of 
graphite,  sometimes  with  some  daubrcellte  surrounding  them;  and 
one  nodule,  consisting  of  graphite,  was  found  to  Inclose  troilite, 
which  had  atffiregated  Inside  the  graphite  in  a  curious  way,  so  that 
the  section  of  the  nodule  suggested  the  outline  of  a  holly-leaf- 
•  •  •  •  Orapblte  occurs  occasionally,  but  rarely,  as  nodules; 
sometimes  as  nodules  inclosing  trolllte,  like  the  one  already  re- 
ferred to;  Bomellmeain  large  sheet-like  masses,  In  one  case  about 
four  inches  in  length  and  two  Inches  wide,    (  Woiter  Flight.) 

{By  txchangt  with  Prof.  J.  L.  Smtth,] 
No.  28.     Pernallee,  Xadnra  District,  Madras,  India.    Fell  at 
noon,  Feb.  28,  1857.     Museum  number,  4124. 
E.  Pfeiffer;  Sitz.  Wien  Akad.,  1863,  xlvii,  [2J,pp.  460- 

463. 
S.  Meunier;  Compt.  rend.,  1871,  Ixxiii,  p.  846. 
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Stone.  Bark  gray,  with  large  white,  dark- gray  and  brown 
grains.  Dull  black  crust  and  polished  face,  showing 
specks  of  iron  distributed  through  the  mass. 
'Ilts  structure  has  been  described  &t  plsolltlc:  Meunier,  on  the 
contrary,  likens  it  to  a  coareely  granular  grit.  The  grains  compos- 
ing It  are  often  angular,  sometimes  more  or  less  rounded,  and  lo 
each  Instance  have  the  characters  of  fragments  which  have  been 
detached  from  larger  masses:  the  rock,  lo  short,  is  a  breccia.  Dur- 
ing a  careful  examination  of  Its  four  specimens  preserved  in  the 
Paris  collection,  Meunlef  noted  the  presence  of  twelve  distinct 
species  of  grains.  •  •  •  •  •  The  presence,  says  the  author,  In 
the  '  polygenic  conglomerate '  of  Parnallee  of  fragments  belonging 
to  seven  types  at  least  of  disUnct  meteoric  rocks,  demonstrates 
the  co-existence  of  these  types  in  the  star-mass  whence  this 
Indian  meteorite  came."    (Walter  Flight.)    Weight,  S  grams. 

[By  excJiange  with  Yale  College.^ 

No.  29.     Trenton,  Washington  County,  Wisconsin.    Found  in 
1858.     Museum  number,  3360. 
J.  L.  Smith;  Am.  Jour.  Sci.,  1869,  [2],  xlvii,  pp.  271 

272. 
Fr.  Brenndecke;  Ann.  Bep.  Smithsonian  Inst,  for  1869, 

1871,  pp.  417-419. 
J.  A.  Lapham;  Am.  Jour.  Sci.,  1872.  [3],  iu,  p.  69. 
Iron.  Slab  with  one  of  the  edges  showing  crust.  One 
face  has  been  polished  and  etched  and  now  shows  very 
well  marked  Widmannstftttian  figures;  it  also  shows 
what  Prof.  Smith  called  "Laphamite  markings."  These 
he  figured,  and  described  as  follows: 
"A  polished  surface  when  etched  gives  well  marked  Widmannstxttlan 
figures.  There  is  something,  however,  peculiar  about  the  mark- 
ings on  this  iron,  which  is  doubtless  common  to  other  irons,  but 
which  has  heretofore  escaped  my  observation,  and  I  cannot  dis- 
cover, in  a  hasty  investigation,  that  It  has  been  noticed  b7  others. 
My  attention  was  called  to  this  peculiarity  by  Hr.  Lapham,  on  a 
slice  of  the  meteorite  sent  bim  etched;  should  these  markings  be 
entitled  to  a  separate  notice,  I  propose  calling  them  Laphamite 
markings.  The  little  drawing  accompanying  this,  which  Is  Oh  a 
somewhat  exaggerated  scale,  will  show  what  they  are.  The  Wld- 
mannstfittian  figures  are  a,  bright  metallic,  with  convex  ends  and 
aides;  b  c,  of  a  darker  color,  are  the  other  markings,  usually  smaller 
and  with  the  sides  and  ends  concave.  The  material  of  which  these 
dark  figures  are  composed,  seems  to  have  enveloped  the  lighter 
colored  portion,  which  serves  to  make  the  dark  Itnes  so  beautifully 
conspicuous.  A  good  pocket  glasa  will  show  that  the  darker 
figures  are  striated,  with  lines  at  nearly  right  angles  to  the  bound- 
ing surfaces.  When  the  figure  is  nearly  square,  the  lines  extend 
from  each  of  the  four  sides,  but  when  much  enlongated,  as  at^c. 
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they  are  parallel  with  the  longer  sides.  Often  these  lines  ^o  not 
reach  the  middle  of  the- figure,  where  oDly  a  confused  cryBtalliza- 
tion  can  he  detected.  In  the  interior  of  the  enlongated-Qgures,  the 
lines  are  quite  Insular,  often  runDlng  together,  and  ehowlog  a 
striking  resemblance  to  woody  fibre.  The  nature  of  these  mark- 
ings may  be  readily  understood.  They  Indicate  the  axes  of  minute 
columnar  crystals,  which  tend  to  asanme  a  position  at  right  angles 
to  the  surface  of  cooling."  The  specimens  in  the  museum  shows 
markings  that  answer  well  to  the  above  description  and  to  the 
figure  mentioned. 
Weight,  160  Grams. 

[By  exchange  toith  Prof.  J.  L.  Bmith.^ 

No.  30.     Staanton,  Angagta  Coanty ,  Tirginia.  Found  in  1858. 
Museum  number  4120. 
J.  W.  Mallet;    Am.  Jour.  Sci,  1871,  [3],  ii,  pp.  10-15; 
1878,  [3],   2v,    pp.    337-338.— Brit.    Assoc.    Report 
■  (Brighton),  1872,  p.  77.— Proc.   Royal  Soc.,  xx,  p. 
365.— Pogg.  Ann.,  cxlvii,  p.  134. 
Iron.     Slab,  with  one  face  etched,  showing  weU  mariied 
Widmannstattian  figures.      Sdges  with  crust      Mallet 
made  four  analyses  of  different  pieces  of  this  meteorite 
and  each  time  found  a  very  small  percentage  of  tin. 
Weight  90  grams. 

[By  exchange  with  YaXeCoUege.^ 

No.  31.    Goopertown,  Robertson  Coanty,  Tennessee.  Known 
in  1860.    Museum  number  3356. 
J.  L.  Smith;  Am.  Jour.  Sci.,  1861',  [2],  xxxi,  p  266. 
Iron.     Slab  with  both  faces  polished;    one  showing  very 
large  Widmannstitttian  figures  distinctly,  the  other  in 
distinctly.    Weight  94  grams. 

\^By  easchange  witk  Prof.  J.  L.  Smitk.] 

No.  32.    Orgaeil,  Tarn-et-OaroDDe,  France.    Fell  at  8  p.  m.. 
May  14,  1864.     Museum  number  3340. 
S.  Cloez;  Oomptes  Rendus,  1864,  Ux.  pp.  87-40. 
P.  Pisini;  Oomptes  Rendus,  1864,  lix,  pp.  132-135. 
Stone.     No  iron.     Dead  black  with  white  specks  and  dull 
black  crust.     Weight,  1.683  grams. 

^  [By  exchange  with  Prof.  J.  L.  fitai(A.  ] 

No.  33.     Bonanza,  Coahalla,  Hexleo.  Found  in  1865.  Museum 
number,  3758. 
C.  U.  Shepard;  Am.  Jour  Sci.,  1867,  [2],   xliii,  pp.  384- 
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Iron.  Irregular  fragment^  three  of  whose  faces  are  pol- 
ished. Two  of  these  have  been  partially  etched  and  show 
■Widmannststtian   figures    rather  indistinctly.    Weight, 


[.By  exchange  with  Prof.  C.  U.  Shepard.] 
No.  34.    Knyahlnya  rnghrar,  Hnngary.    Pell  at  8  p.  m., 
June  9,  1866.     Museum  numbers,  3350(a)  and  3760(6). 
A.  Kenngott;  Sitzber.  Ak.  Wiss.  Wien,  1869.  Ux,  p.  873. 
—Phil.  Mag..  1869,  xxxvli,  p.  424. 
J.  y.  Schiaparelli;  Entwurf  einer  astronomischen  The- 
orie  der  Steraschnuppen.    1871,   Stettin:  Nahmer., 
p.  267. 
E.  H.  von  Baumhauer;  Archives  N^erlandaises,  1872, 

vii,  p.  146. 
W.  von  Haidinger;  Sitzber.  Ak.   Wiss.  Wien,  liv.  200 

and  513. 
G.  Bose;  Monatsber.  Ak.  Wiss.  Berlin,  Izvii,  p.  203, 
a.  Stone.     One  face  polished  showing  light  and  dark  colored 
chondri  and  specks  of  iron.     Three  of  the  faces  are  cov- 
-    ered  with  a  dark  crust.     A  fifth  shows  a  broken  surface 

with  the  iron  rusted. 
"It  is  computed  th&t  over  a  limited-  area  more  than  a  thousaad 
stoDes,  weighing  in  all  from  8  to  ]0  cwt.,  must  bare  fallen.  The 
largest  found  la  now  preserved  In  the  Vienna  collection;  It  weighs 
2B3.3  Icllog.  {6  cwt.  3  qra.  3  lbs.),  and  measures  2  ft.  i  in.  long  and 
18  in.  brpad,  and  penetrated  the  ground  to  a  depth  of  11  feet, 
•  •  »  •  «  To  the  naked  eye  the  section  appears  to  be  finely 
granular  and  of  a  gray  tint,  and  even  with  a  very  moderate  power 
is  seen  to  present  spherular  structure,  recalllog,  if  relative  size  b& 
left  out  of  constderatioQ,  that  of  tbe  globular  dlorlte  of  Corsica. 
Ttie  opaque  Inftredlents  are  nickel-Iron,  trolUteand  a  black  sub- 
stance; In  addition  to  these  are  two  crystalline  mineral  species, 
the  one  colorless  and  transparent  and  somewhat  fissured,  the  other 
gray  and  translucent  and  presenting  an  appearance  of  lamellar 
structure  ;  both  appear  In  angular  and  rounded  granules,  and  both 
arebi-refractive;  they  are  differently  affected  by  hydrochloric  acid, 
and  from  other  differences  in  their  crystalline  characters  it  may  t>e 
inferred  that  the  gray  silicate  Is  an  enstatite,  the  colorless  silicate 
la  olivine.* 
Weight,  14  grams. 

[By  exchange  with  Prof.  J.  L.  Smith.] 

b.  Stone.     Bluish    gray,  with    grains    of    iron    sprinkled 

through  it,  in  some  places  in  groups.  Weight,  5. 82  grams, 

[By  exchange  with  Prof-  C.  V.  Shepard.] 

•Wiltcr  Flight;  ft  Chapter  In  Ihe  History  of  BletflOrltfs.  p.  1*8. 
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No.  35.     Bear  Greek,  Denver  Co.,  Colorado.     Found  iu  1866. 
Museum  aninber,  4691. 
C.  U.  Shepard;  Am.  Jour.  Sci.,  1866,  [2],  xlii,  pp.  250- 

251. 
J.  Henry;  Am.  Jour.  Sci.,  1866,  [2],  xlii,  pp.  286-287. 
J.  L.  Smith;  Am.  Jour.  Sci.,  1867,  [2],  xliii,  pp.  66-67. 
C.  T.  Jackson;  Am.  Jour.  Sci.,  1867,  [2],  xliii,  pp.  280- 
281. 
Iron.     Irregular   fragment    ■with    one    face    cut. "    Very 
coarsely  crystalline.     Called  the  Aeritopos  meteorite  by 
'         Prof.  Shepard.     Weight,  41.5  grams. 

[By  exchange  tmih  Prof.  O.  U.  Shepard.] 

No.  36.     Anbnro,    Macon    Co.,    Alabama.      Found    in    1867. 
Museum  number,  4417. 
C.  U.  Shepard;    Am.  Jour.  Sci.,  1869,  [2],  xlvii.,  pp. 

230-233. 
J.  L.  Smith;  Am.  Jour.  Sci.,  1870,  [2],  xlix,  p.  331. 

Iron.  Irregular  fragment,  much  rusted,  and  one  side  par- 
tially polished.  The  meteorite  seems  to  be  made  up  of  a 
mass  of  granular  concretions.  After  polishing  a  face  of 
this  meteorite  Prof.  Shepard  says: 

"The  face,  od  being  subject  to  tbe  actfoD  of  dilute  nitric  acid,  gave 
me  a  series  of  marklDgs  altogether  new.  They  are  extremely  flue 
and  delicate  In  tbetr  dimensions,  and  require  a  BtrooK  light  with 
tbe  aid  of  a  microscope  to  be  seen  with  dlstlnctnesB.  The  first 
character  that  displays  itself  Is  somewhat  that  of  a  mesh  or  oet- 
work,  and  arises  from  the  polygonal  boundaries  of  tbe  granular 
coucretions.  The  areas  within  these  lines  or  edges  (which  are 
exceedingly  thin)  have  a  guttering  luster  when  held  at  a  fixed 
angle  to  the  light,  though  this  angle  often  Taries  for  different  con. 
cretlons,  as  in  the  case  of  a  polished  surface  of  coarse  grained 
calclte  or  fluor.  The  second  character  that  arrests  attention  In 
examination,  is  the  finely  striated  surface  of  each  concretion,— one 
set  of  lines  being  perfectly  straight  and  equi-distant,  as  In  calclte 
and  lahradorite,  while  a  second  set,  but  less  distinct,  cross  tbeee 
at  right  angles.  Tbe  final  peculiarity  of  tbe  markings  consists  in 
this,— that  these  fine  stride  are  wholly  made  up  of  dots  or  beads, 
which  are  arranged  In  almoat  absolute  contact,  and  are  therefore 
to  be  regarded  as  consisting  wholly  of  sections  of  rhabdite  needles, 
while  ou  the  other  hand,  the  mesh-like  markings,  first  noticed, 
are  composed  of  plates  of  sehreiberslte." 
Weight,  24.92  grams. 

[By  exchange  toith  Prof.  C.  U.  Sfteportt] 

No.  37.     Pnltasb,  Slelce  Nowy,  Poland.    Fell  at  7  p.  m.,  Jan. 

30,  1868.  Museum  numbers.  3352  (c),  3759  (a)  and  4121(6). 
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G.  Werther;  Schrift  Konigsberg  ^essel.,  1868,  ix,  pp. 

35-40. 
G.  vomRath;  Neues  Jahrb.  Min.,  1869.  pp.  80-82. 
0.  Rwnmelsberg;  Mod.  Berlin  Akad.,  1870,  pp.  448-452! 

a.  Stone.  One  face  polished,  showing  numerous  glisten- 
ing iron  grains.  The  rest  of  tHe  specimen  is  covered 
by  a  duU,  brown  crust     Weight,  100  grams. 

[By  eichange  iwlA  Prof.  C.  U.  Shepard.} 

b.  Part  of  a  smaller  indlvidnal  with  one  side  polished,  the 
others  showing  crust.     Weight,  11  grams. 

[By  exchange  wUh  Tale  CoUege.'\ 

c-    Part  of  a  still  smaller  individual;  one  sidd  polished  and 

the  others  mostly  covered  with  crust.  Weight,  7. 5  grams. 

[By  exchange  with  Prof.  J.  L.  9mith.'\ 

No.  38.     Orifak,  IsUnd  of  Disko,  Oreenlsnd.    Found  in  1870. 

Museum  numbers,  3845  (a  and  b)  and  4412  (o). 

A.  E.  Nordenskjold;  K.  Vet-Akad.  FOrh.,  1870,  p.  873; 

(see' translation  in  Geological  Magazine,  1872,  [1],  ix, 

p.  518. ) 

J.  Ijorenzen;  Zeit.  Deut.  Geol.  GeselL,  1883,  xxxv,  pp. 

695-703. 
G.  A.   Daubr^e;  Compt.   rend.,    1877,  Ixxxlv,   p.  66; 

Ixxxvii,  p.  911. 
J.  L.  Smith,  Ann.   Chemie.  Phys.,  1879,  [5],  xvi,  pp. 
452-505. 
o-     Native  iron,   formerly  supposed  to  be  of  meteoric 
origin.     Taken  from  basaltic  rocks.      Irregular,  much 
rusted,  piece  appearing  somewhat  granular.     Weight, 
4S0  srams. 

[By  exchange  with  Prof.  J.  L.  Smith.'] 

b.  A  snuill  slab  of  the  same,  polished  on  both  sides. 
Weight,  45  grams. 

[By  exchange  with  Prof.  J.  L.  Smith.  \ 

c.  Fragment  of  the  same,  much  rusted.  Weight,  14.5 
grams. 

[By  exchange  toiih  Prof.  C.  U.  Shepard-  ] 
No.  39.     SearsmoDtj  Waldo  Go.^Kalne.     Fell  at  8:15  a.  m., 
May  21,  1871.     Museum  number.  4409. 

C.  U.  Shepard;    Am.  Jour.  Sci.,  1871,  [3],  ii,  p.  133. 
J.  L.  Smith;  Am.   Jour.   Sci.,  1871,  [3],  ii,  pp.  200-201. 
a.  Stone.     Gray  and  crumbling.     One  side  shows  a  black 
spongy    crust  which  is    much  thicker  than  the    crust 
usually  seen  on  meteorites.     Weight,  0.83  gram 
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6.  Smaller    frEigment,   also  showing  crust  on    one   side. 
Weight,  0.  El  gram. 

\^By  exchange  with  Prof.  C.  U.  Sh^xird.] 
No.  40.     Waconda,  Hitehell    Co.,    Ksosas.     Found  in  1874. 
Museum  number,  8342,  (a)  and  8762  (6). 
C.  U.  Shepard;  Am ;  Jour.  Sci-,  1876,  [3],  xl,  pp.  473- 

474. 
J.  L.  Smith;  Am.  Jour.  Sci.,  1877,  [3],  xiii,  pp.  211-213. 
a.  Stone.     Light  gray,  friable,  clay-like  mass  coataiaing 
very  little  iron.      One  side  with  a  dull    black  crust. 
Weight,  72  gram. 

[^By  exchange  with  Prof.  J.  L.  Smith.] 
h.  Stone.     Light  gray  fragment  without  crust.    One  face 
polished,    showing    considerable    iron    in  two    places. 
Weight,  72  grams. 

[By  exchange  with  Prof.  C.  U.  Skepai-d.] 
No.  41.    Mejlllones,    near   tlie   Desert  of  Ataeama,  Sooth 
America.     Found  in  1874.    Miiseum  nmnber,  4695. 
IroQ.     Small  pieces  of  cut  slab. 

[Bg  exchange  with  Prof.  C.  U.  Shepard.} 
No.  42.     Bntler,  Bates  Coonty,  Missonrl.    Found  in  1874. 
Museum  number,  3357. 
G.  C.  Broadhead;  Am.  Jour.  Sci.,  1875,  [3],  x,  p.  401. 
J.  L.  Smith;  Am.  Jour.  Sci.,  1877,  [3],  xiii.  p.  213. 
A.  Brezina;  Sitz.  Akad.  Wisa.,  1880,  Ixxxii.  Oct  Heft. 
Iron.     Thin  slab  with  one  face  polished  and  etched,  show- 
ing  large   and  well  marked    WidmannsUtttian   figures. 
The  specimen  contains  a  small  nodule  of  triolite. 
"It  was  noticed  that  the  greater  part  df  the  Iron  had  an  even  dull 
appearance,  but  m  this  lustreless  iron  gray  part  \a.j  numerous— in 
part  iadlvldual,  In  part  grouped  together— lamellae,  of  which  toor 
differcDtly  directed  systems  appear  on  the  sections.    The  lamellx 
together  form  a  skeleton— an  octahedral  skeleton.    The  ground- 
mass,  though  lustreless  and  structureless,  shows  a  peculiar  play  of 
light ;  Its  hardness  is  remarkably  low,  a  little  below  4,  being  dis- 
tinctly scratchd  by  fluor,  "• 
Weight,  104  grama. 

[By  exchange  with  Prof.  J.  L.  Smith.] 
No.  43.     Iowa  County,  Iowa.     Fell  at  10:30  p.  m.,  Feb.  12, 
1875.     Museum  number,  3359. 
A,  W,  Wright;  Am.  Jour.  Sci.,  1875, [3],  ix,  pp.  459-460; 
1875,[3],  X,  pp.  44-49. 

•Wilter  Flight;  A  Chapter  fii  llio  lllslorjr  of  Meteorlte^  p,  IB7, 
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N.  R  Leonard;  Am.  Jour.  Sci..  1875,[3],  x,  pp.  357-363, 
J;  L.- Smith;  Am.  Jour.  Sci.,  1875, [3],  x,  pp.  362-368. 
C.  W.  Irish;  An  Account  of  the  Detonating  Meteor  of 
Feb.  12,  1875,  Daily  Press  Job  Printing  Ofllce,  Iowa 
City. 
G.  A.  Daubr^e;  L'Institut,  1875,  (Nos.  105-122),  p.  88. 
C.  W.  Gumbel;  Sitzungsber.  Wlss.  Munchen,  1845,  v. 
p.  313. 
Stone.     A  complete  individual,  in  the  form  of  a  parallelo  ' 
gram,  3  inches  by  2i  and  1  inch  where  tiiickest.     Nearly 
completely  covered  with  a  dull  black  crust,  some  of  the 
fractures  showing  crust  partially  formed.     One  end  cut, 
showing  compact,  rather  dark  gray  stony  substance  with 
many  iron  grains  sprinkled  through  it.     Similar  in  ap- 
pearance to  the  Pultusk  and  to  the  more  recent  Winne- 
bago meteorites. 
Weight,  306.66  grams, 

[By  exchange  wiih  Prof.  J.  L.  Smith.} 

No.  44.    Santa  Gatarlna,  Bio  San  Francisco  do  Snl^  Brazil. 

Known  in  1875.     Museum  numbers  4415(a)  and  4692(6). 
Guignet  and  Almeida;  Comptes  Eendus,  1876,  Ixxxiii, 
pp.  917-919. 
a.  Iron.     A  small  fragment  with  one  side  polished.  Weight, 

18.35  grams. 
&.  A  smaller  fragment  of  the  same.     Weight  7.071  grams. 
[By  exchange  with  Prof.  J.  L.  Smith.  ] 

No.  45.     Warrenton,  Warren  Coanty,  Hissoari.    Fell  Jan.  3, 
1877.     Miiseum  number,  3347. 
J.  L.  Smith;  Am.  Jour.  Sci.,  1877,[3],  xiii,  p.  243;  1877, 
[3],  xiv,  pp.  222-224. 

a.  Stone.    Bluish-gray,  soft,  clay-like  mass,  with  very  little 
iron.     A  spongy  blue-black  crust  on  one  side. 

Weight,  13  grams. 

b.  Similar  fragment,  showing  a  small  area  of  crust. 
Weight,  9.5  grams. 

0.  A  smaller  fragment.     No  crust.     Weight,  5  grams. 

[By  exchange  voith  Prof.  J.  L.  Smith.] 

No.  46.     Cynthiana,  HarriaoD'  County,  Kentncky.      Fell  at 
4  p.  m.  Jan.  23,  1877.    Museum  number,  3343. 
J.  L.  Smith;  Am.  Jour.  Sci.,  1877,[3].  xiii,  p.  243;  1877, 
[3],  xiv,  pp.  224-227. 
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a.  Stone.  Dull  gray,  with  white  grains  and  some  iron  par- 
ticleB.  One  side  with  a  dull  black  cmst  partially  full  of 
pittings.     Another  side  polished.     Weight,   31.5  grams. 

b.  Smaller  fragment  of  the  same,  showing  crust  on  one 
side.     Weight,  6  grams. 

1  By  exchange  with  Prof.  J.  L.  Smith.} 

No.  47.    Sarbanovac,  Soko-Banjia  Alexinats,  Serria.    Fell  at 
2  p.   m.,  Oct.  13,  1877.     Museum  number,  4407. 
E.  Doll;  Verhandl.  d.  K.  K.  Geol.  GeselL.  1877,  No. 

16,  p.  288. 
S.  M.  Liosanitch;    Berichte  d.  Deut.   Chem.   Gessel., 
1878,  xi,  p.  96. 
Stone.     Light  gray  fragment,  with  dark  gray  grains  and 
some  iron  particles.     No  crust.     Weight,  1.75  grams. 

[By  exahange  with  Prof.  C.  U.  Shepard.'] 

No.  48.     Casey  Coanty,  Georgia.     Found  in  1877.     Museum 

number,  S354. 

A.  Brezina;  Stizber.  Akad.   Wiss.,  1880,   Ixaxii,    Oct 

part. 

Iron.     Thin  slab  with  one  side  polished  and  etched,   but 

showing  no  Widmanstattian  figures.     Weight  36. 5  grams. 

[By  exchange  with  Prof.  J.  L.  Smith.] 

No.  49.  EstherTille,  Emmet  County,  Iowa.  [**The  Perry 
Meteor/']  Fell  at  5  p.  m..  May  10,  1679.  Museum 
numbers,  3058  (a  to  c),  4125  (/)  and  4128  (g). 

S.F.  Peckham;  Am.  Jour.  Sci.,  1879 [3],  xviii.  pp.  77-78. 
0.  U.    Shepard;  Am.   Jour.  Sci.,  1879  [3],  xviii.  pp. 

186-188. 
J.  L.  Smith;  Am.  Jour  Sci.,  1880,  [8],  xix,  pp.  459-463, 
495.     (Prof.  Smith's  account  was  also  published  in 
the  Eighth  Annual  Report  of  the  Gleol.  and  Nat 
Hist.  Survey  of  Minn.,  pp.  176-180. )- 
S.    Meimier;    Comptes  Gendus,    1862,  sciv,  pp.    1659- 

1661. 
M.  E.  Wadsworth;  Mem.  Mus.  Comp.  Zool.,  1884,  vol. 
xi,  pt.  I,  pp.  97-101. 
a.  This  is  the  second  largest  of  the  pieces  that  have  been 
found.     It  was  discovered  two  miles  west  of  the  largest 
piece,  which  weighed  437  pounds,  and  originally  weighed 
170  pounds. 
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"The  masses  are  rou^h  and  knotted  like  la  i^e  mulberry  calculi,  with 
rounded  protuberances  prolectlng  from  the  surface  on  every  side; 
the  black  coating  is  not  uniform,  being  most  marked  between  the 
projections.  These  projections  have  sometimes  a  bright  metallic 
surface,  showinn  them  to  consist  of  nodules  of  Iron;  and  they  also 
contain  lumps  of  an  olive-green  mtoeral,  having  a  distinct  and  easy 
cleavage.  The  greater  portion  of  the  stony  mi^terlal  is  of  a  gray 
color,  with  this  green  mineral  Irregularly  distributed  through  It. 
■  •*«»*  q^[jg  masses  are  quite  heavy  and  vary  much  in 
specific  gravity  in  their  dltfereat  parte;  but  the  average  can  not 
be  less  tban  4.5.  When  broken  one  Is  Immediately  struck  with  the 
large  nodules  of  metal  among  the  gray  and  the  green  stony  sub- 
Stances,  some  of  which  will  weigh  100  grams  or  more.  In  this 
respect  the  meteorite  is  unique,  It  differing  entirely  from  the  mixed 
meteiirtteB  of  Pallas,  Atacama,  etc.,  or  the  known  meteoric  stones 
rich  in  iron;  for  In  none  of  these  has  the  Iron  this  nodular  charac- 
^gP_  ■  •  •  •  *  The  constitution  of  this  meteorite,  so  far  as  I 
have  been  able  to  make  It  out,  Is  therefore  as  follows:  Bronzite, 
abundant;  olivine,  abundant;  ntckeliferous  Iron,  abundant;  trollite 
in  moderate  quantity;  chromtte,  in  minute  quantity;  silicate,  not 
yet  well  determined."*  This  specimen  Is  a  large  Irregular  mass, 
much  msted,  and  one  end  has  been  sawed  ofT  leaving  a  polished 
surface. 
Weight,  60,210  grams  (132J  pounds.) 

[Purcftaaed  for  the  Museum  by  Prof.  E.  J.  Thampwn] 

h.  Rough  irregular  pieces.  Two  sides  are  cut;  another 
shows  crust     Weight,  215  grams. 

[Purckaaed  by  for  the  Muaeum  Prof.  E.  J.  Thompson.] 

€■  Irregular  piece,  one  side  cat     Weight,  41  grams. 

[Purchased  for  the  Museum  by  Prof.  E.  J.  Tftompson.] 

d.  Irregular  ragged  piece,  one  side  cut.  Weight,  19.5 
grams. 

^         [Purchased  for  ike  Museum  by  Prof.  E.  J.  Thompson.] 

e.  Rough  ragged  fragment.     Weight  19.2  grams. 

[Purchased  for  the  Museum  by  Prof.  E.  J,  Thompson.} 

f.  Small  irregular  piece  of  one  of  'the  iron  nodules.  One 
side  polished  and  etched,  showing  Widmannstfittian 
figures.     Weight,  8  grams. 

[Presented  by  Prof.  C.  W.Balh] 

g.  Small  fragments  of  peckhamite  from  the  above  me- 
teorite.    Weight  0.672  gram. 

[Purchased  probably  froni  Prof.  J.  L.  Smith.] 

No.  50.     Lexln^on  Co.,  South  Carolina.     Found  in  May,  1880. 
Museiun  number,  4418. 

'Aia.  Jour.  Sol..  1B80.  [3],  xlx.   This  silicate  iBprobablr  iieckbaoilte. 
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C.  U.  Shepard;  Am.  Jour.  Sci.,  1881,  [3],  xri,  pp.  117- 
119. 
Iron.     Irregular  fragment  with  three  faces  polished.    One 
of  them  is  etched,  but  shows  WidmannstHttian  figures 
only  indistinctly.     Weight,  17.5  grams. 

[By  eocchange  with  Prof.  C.  U.  Shepard.] 
No.  51.     Ivanpali,  San  Bernadlno  Co.,  Callforota.     Found  in 
1880.     Museum  numbers,  4420  (6)  and  4421  (a). 
C.  U.  Shepard;  Am.  Jour.  Sci.,  1880,   [8],  xiz,  pp. 


a.  Iron.    Cuttings.     Weight,  2.3  grams. 

b.  Small  irregular  fragment  of  iron.     Weight,  1.98  grams. 

[By  exchange  with  Prof.  C.  U.  Shepard.] 
No.  52.     Brenbam,  Kiowa  Co.,  Kansas.    Found  in  1885.     Mu- 
seum number,  7240. 
N.  H.  Wjnchell  and  J.  A.  Dodge;  Amer.  Geologist. 
•    1890.  V,  pp.  309-312;  1890,  vi,  pp.  370-377. 
G.  F.  Kuna;  Science.  1890,  xv,  p.  359.— Trans.  N.  Y. 
Acad.  Sci.,  1890,  ix,  pp.  186-194. 
a.  Iron.     A  coarse,  metallic   sponge,  containing  olivine, 

chromite  and  troilite. 
"  Metallic  Iron  comprises  somewhat  less  than  oDe-balf  the  meteoriu, 
and  It  serves  as  a  matrix  In  which  are  embraced  amrgdaloldal  or 
roundish  masses  from  the  size  of  a  pea  to  that  of  a  musket  ball,  aod 
larger,  of  the  black  and  yellowish  minerals  which  comprise  nearlj 
the  whole  of  the  rest  of  the  mass."  Thismassorlglnally  weighed  211 
pouuds.  "  It  was  approxlmatelj  globular,  with  a  broad  shallow 
depression  that  encircled  It  about  half  way.  -Its  exterior  Is  oxi- 
dized by  lODg  exposure,  wme  of  the  mineral  grains  having  been 
profoundly  affected  by  the  penetration  of  iron  oxide."  About  85 
pounds  have  been  cut  off  from  one  side  of  the  mass,  leaving  k  plane 
surface  which  has  been  figured  in  the  American  Geologist,  vol.  vi, 
plate  vii. 
Weight,  55,790  grams  {123  pounds). 

6.  Slab  cut  from  the  above  mass,  about  one  inch  thick  and 
42  inches  in  circumference.     Weight.  9410  grams. 
Shown  in  plate  vii,  vol.  vi,  Dec,  1890,  of  the  American 
Geologist. 

c.  Irregular  mass  with  two  sides  polished;  one  has  been 
etched  and  shows  Widmannstattian  figures;  this  surface 
also  is  figured  in  the  American  Geologist,  vol.  vi,  p.  272. 
Weight,  2648  grams. 

k.  Wedge-shaped  piece.  8^  inches  long,  14  wide  and  2i 
thick  at  the  large  end.    All  the  faces  cut  except  one. 
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which  is  the  largest  and  is  covered  by  crust.     Weight, 

630  grams. 
{.  Irregular  piece,  with  three  sides  cut,  one  partially  cut, 

and  the  other  with  cmst,    Contains  a  large  proportion  of 

the  black  minerals.     Weight,  630  grams. 
m.  Irregularly  rectangular  piece.    Pomt  faces  cut;  another 

shows  crust.     About  2^  inches  by  2  by  l-J.     Weight,  570 

grams, 
p.  Irregular  ragged  piece  of  metallic  sponge.     Most  of  the 

olivine  has  fallen  out,  but  there  is  considerable  of  the 

black  minerals  present.    Weight,  100  grams. 
g.  Ragged  fragment,  having  some  iron  and  considerable  of 

black  minerals.     Weight,  28  grams. 
r.  Bagged  fragment     There  is  considerable  olivine  and  a 

small  amount  of  the  black  minerals  present.     Weight, 

17.7  grams. 
8.  Rusted,    ragged    fragment   with    considerable  olivine. 

Weight,  12.7  grams. 
t.  Irregular  fragment  with  a  small  amount  of  the  black 

minerals  and  no  olivine.     Weight,  12  grams, 
u.  Ragged  fragment;  a  small  amount  of  the  black  minerals, 

but  no  olivine  present.     Weight,  11.8  grams. 
V.  Irregular  fragment  with  considerable  of  the  black  min- 
erals bat  no  olivine.     Weight,  11.3  grams. 
w.  Ragged    sponge    of    iron    containing   nothing   else. 

Weight,  9.6  grams. 
X.  Irregular  rusted  spongy  fragment,  having  a  little  oliv- 
ine.    Weight,  9.1  grams. 
y.  Ragged    fragment    of    iron    containing  nothing  else. 

Weight,  8.9  grams. 
z.  Ragged  fragment  with  considerable  of  the  black  miner^ 

and  very  little  olivine.     Weight,  8.7  grams,  ' 

aa.   Ragged,  rusted  fragment,    Weight,  7.4  grams, 
ob.  Coarse  cuttings,  mostly  iron.   Weight  about  4000  grams 

ac.  Finer  cuttings.     Weight,  1100  grams. 

ad.  Finest  cuttings.     Weight  about  5500  grams. 

No.  53.    Bandera    Co.,   Texas.    [Pipe  Creek   Meteorite.] 

Pound  in  1887.     Museum  number,  7242. 
A.  R.  Ledoux;   Trans,  N.  Y.  Acad.  Sci.,  1889,  viii,  pp. 
186-187. 
Stone.     Slab,  one  fourth  inch  thick  and    five    inches  in 
circumference;    both  faces  and  two  edges  Iiave  been  pol- 
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Ished.  Dark  brown  apparently  porous  groundmasa 
holding  black  grains  and  irregular  shining  iron  particles. 
Weight,  24.6  grams. 

[^By  exchange  vritk  Dr.  H.  HensoldiJ} 
No.  54.     Winnebago    County,  Iowa.    Fell  at  5.15  p.  m..  May 
2,  1890.     Museum  number,  7239. 
G.  P.  Kunz;  Trans.  N.  Y.  Acad.    Sci.,   1890,   ii,  pp. 

201-203. 
J.  Torrey  and  E.  H.  Barbour;  Amer.  Geologist,  1891,  - 
viii,  pp.  67-72. 
a-  Stone.  Large  individual  measuring  about  13  inches  in 
greatest  diameter,  and  about  9  inches  in  the  other  direc- 
tions. Covered  by  crust,  except  where  it  has  been  some- 
what broken  along  the  edges,  and  an  area  7  by  3  inches 
on  one  side,  from  which  a  piece  of  the  stone,  not  more 
than  an  inch  thick,  has  been  broken  off.  This  is  the  66- 
pound  stone  figured  in  the  American  Geologist,  toL  viii, 
p.  68. 
"  This  meteor  Is  a  typical  choDdrlt«,  apparently  of  tbe  type  of  the 
Pamalltte  group  of  Ueunier,  whicb  fell  February  28tb,185T,at  Fu- 
nellee,  India.  The  atone  le  porous,  and  wben  placed  In  water  to 
ascertain  its  speclflc  gravlt.v,  tbere  Is  a  considerable  ebullition  of 
atr.  The  spedSo  gravity  on  a  flfteen^ram  piece,  was  found  to  be 
3.638.  The  crust  is  rather  thin,  opaque  black,  not  sMnlug,  and, 
under  the  microscope  Is  very  scorious,  resembling  the  Knyablnys 
(Hungary)  and  the  West  Liiberty  (Iowa)  meteoric  stones,  A  broken 
surface  shows  the  Interior  color  to  be  gray  spotted  with  brown, 
black  and  white,  the  latter  showing  the  existence  of  small  specks 
of  meteoric  Iron  from  one  to  two  millimetres  across.  Troilite  ia 
also  present  In  small  rounded  masses  of  about  the  same  size.  On 
one  broken  surface  was  a  very  thin  scum  of  a  black  anbatance, 
evidently  graphite,  soft  enough  to  mark  white  paper;  a  feldspar 
(anorthlt«)  was  likewise  observed,  and  enstatf te  was  also  present.'* 
V  "The  dead  black  scorlaceous  crust  when  broken,  reveals  a  light 
gray  stone  Interspersed  with  Innumerable  dark  particles  of  lroii> 
and  globules  of  troilite,  quite  like  the  Iowa  Countj  stones  in  ap- 
pearance. Thin  seams  and  cracks  occur  occasionally  filled  witli  a 
substance  that  has  somewhat  the  appearance  of  graphite,  and 
small  spheroidal  masses  of  olivine  are  abundant  "f 

Weight,  29.820  grams  {65.75  pounds.) 
{PuTchaaed  on  the  spot  hy  H.  V.  Winchell,  of  the  party  on 
tohoae  farm  it  fell'] 
b.  Individual  completely  covered  by  crust.     Weight,  961.5 
grams. 
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0.  Fragment  broken  from  the  large  individaal  (a).  Shows 
a  few  minute  dark  veins  or  seams.  About  half  the  sur- 
face covered  by  crust     Weight,  450  grams. 

d.  Individual  completely  covered  by  crust,  except  a  small 
area  on  one  side.     Weight,  75.8  grams. 

e.  Complete  individual.  Crust  broken  on  edges  in  two  or 
tiiree  places,  and  on  one  side  it  is  thinner  and  rather 
glassy  in  appearance.    Weight,  62.7  grams. 

/.  Individual  completely  covered  by  crust  Weight,  49.3 
grams. 

g.  Irregular  fragment.  Two  sides  (or  about  half  its  sur- 
face) covered  by  crust.     Weight,  48.6  grams. 

h.  Irregular  individual  completely  covered  by  crust  except 
where  it  has  been  broken  ofF  in  a  few  places.  Weight, 
46.1  grams. 

t.  Roughly  rectangular  individual,  about  1}  inches  by  1 
by  };  mostly  covered  by  crust,  but  on  one  side  the 
crust  is  imperfectly  formed,  as  if  a  piece  was  here 
broken  ofE  a  short  time  before  striking  the  ground.  One 
broken  and  partially  polished.     Weight,  45,3  grams. 

j.  Fragment  more  than  half  covered  with  crust.  Weight, 
40.5  grama. 

k.  Thin  fragment  about  2  inches  long  and  1^  wide.  Over 
half  covered  by  crust  This  is  probably  a  piece  from 
the  large  individual  (a).     Weight,  32.7.gram3. 

1.  Complete  individual.     Weight,  31.8  grams. 

o.  Irregular  piece  covered  by  crust,   except  at  one  side, 

which  is  rusted.      Another  side  has  a  'Comparatively 

thin  crust.     Weight,  29.1  grams, 
r.  Individual.     Small  area  of  crust  gone  from  one  edge. 

Weight  20.4  grams, 
s   Complete  individual.     One  end  has  a  rough  surface  and 

thinner  crust.     Weight  19.6  grams. 
t  Small  fragment  from  the  large  individual  (n).     Shows 

small  area  of  crust.    Weight,  18  grams.     . 
u.  Individual.     Crust  broken  some  on  edges  and  thinner  on 

one  side,  which  has  a  rough  surface.   Weight  16.6grams. 
V.  Complete  individual.    Weight  16.2  grams. 
X.  Individual.     Crust  spongy  on   one  side.     Weight   14.9 

y.  Fragment  about  half  covered  by  crust.  Weight  14.6 
grams. 
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ab.  Complete  individual  in  the  form  of  an  irre^j^ar  throe- 

■    ^ided  fragment,  the  base  of  which  has  a  very  spongy 

crust.     Small  pieces  of  the  crust  broken  off  in  two  or 

three  places.     Weight  12.8  grams. 

a&  Fragment  about  half  covered  by  cmst;  the  part  witii- 

out  crust  is  apparently  somewhat  rusted.     Weight  11.7 

grams. 

<td.  Apparently  an    individual  with  one  end  broken  off. 

Weight  11,6  grams.   , 
«e.  Individual,  crust  gone  from  part  of  one  side.     Weight 

10.5  grams. 
■of.  Individual.     One  side  is  rough  and  has  thinner  cmst. 
Crust  cracked  oS  somewhat  on  the  edges.     Weight  10. 1 
grams. 
ag.  Piece  all  covered  with  crust,  excepting  one  end.  Crust 

very  thick.     Weight,  8.8  grams. 
ah.  Individual.     Two-thirds  the  surface  is  rough  and  has 

tbinuer  crust.    Weight,  8.6  grams. 
•ai.  Irregular  individual.     Crust  imperfectly  formed  on  one 

side.     Weight,  8.3  grams. 
aj.  Complete  individual.     Weight,  8.3  grams. 
ak.  Complete  individual.     Weight,  7.5  grams. 
am.  Complete  indvidual.     On  one  side  the  crust  appears 

thin  and  very  porous.     Weight,  7.3  grams, 
an.  Irregular  individual,  with  one  side  rough  where  the 

crust  is  thin.-    Weight,  7.1  grams. 
ao.  Complete  individual.     Weight,  7  grams. 
aq.  Fragment,  one-third  covered  by  crust.     Weight,  6.7 

grams.  ■ 
ar.  Piece  about  two-thirds  covered  by  crust.     Weight,  6.4 

grams. 
at.  Individual    with  about  one-third  of  the  crust  gone. 

Weight,  6  grams. 
o«.  Individual  with  crust  thin  on  one  side.      Crust  broken 

off  in  a  few  places.     Weight,  5.6  grams. 
av.  Irregular  fragment  nearly  one-half  Covered  by  crust 

Weight,  5. 5  grams. 
aw.  Individual  with  small  i^rea  of  crust  gone.     Weight,  5.4 

grams. 
ay.  Complete  individual.     Weight,  5.2  grams. 
az.  Individual  with  crust  broken  off  in  two  places.    One 
side  rough  and  with  thinner  crust     Weight,  5.03  grams. 
ba.  Complete  individual.     Weight,  4,91  grams. 
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bb.  Complete  Individual.  Weight,  4.9  grains. 

bd.  Complete  individual.  Weight,  4.S  grains. 

be.  Complete  individual.  Weight,  4.8  grams. 
bg.  Complete  individual.  Weight,  4  grams. 

bi.  Complete  individual.     @mall  area  of  crust  broken  off. 

Weight,  8.6  grams. 
bj.  Piece  covered  by  crust,  except  on  one  side. 

Weight,  3.4  grams. 
bie.  Complete  individual.     Weight,  8.8  grams. 
brn.  Individual  with  small  area  of  crust  broken  off  one  end. 

Weight,  2.9  grams. 
bn.  Complete  individual.     Weight,  2.8  grams. 
bo.  Complete  individual.    Crust  in  places  quite  porous  or 

spongy.     Weight,  2.7  g^ms. 
bp.  Individual  with  crust  broken  off  in  several  places. 

Weight,  2.7  grams. 
bq.  Fragment  about  one-third  covered  by  crust. 

Weight,  2.4  grams. 
br.  Piece  two-thirds  covered  by  crust.     Weight  2,2  grams. 
bs.  Complete  individual.     Weight,  2.2  grams. 
bt.  Irregular  fragment  about  oue-half  covered  by  crust. 

Weight,  2.1  grams. 
bu.  Complete  individual.     Weight,  2.1  grams. 
bv.  Complete  individual.    Crust  thinner  on  surface;  rough 

on  one  side.     Weight  2  grams. 
bw.  Complete  individual.    Weight  1.9  grams. 
bx.  Complete  individual.    Weight,  1.84  grams. 
by.  Individual  with  some  of  the  crust  gone  from  one  edge. 

Weight,  1.78  grams. 
bz.  Complete  individual.    Weight,  1.72  grams. 
ca.  Complete  individual    Weight,  1.66  grams. 
c&.  Individual  with  crust  broken  off  in  places  from  the  edges. 

Weight,  1.56  grams. 
cc  Complete  individual.    Weight,  1.54  grams. 

cd.  Small  irregular  fragment  showing  no  crust. 
Weight,  1.53  grams. 

ce.  Piece  two-thirds  covered  by  crust    Weight,  1,51  grams. 

cf.  Complete  individual.  Weight,  1.45  grams. 
eg.  Complete  individual.  Weight,  1.3  grams. 
ch.  Complete  individual  with  rough  surface. 

Weight,  119  grams, 
cf.  Complete  individual.    Weight,  1.09  grams. 
qj.  Complete  individual.    Weight,  1.03  grams, 


>vGoot^lc 


192  NINETEENTH  ANNUAL  BEPOBT 

ck.  Oomplete  individual    Weight,  0.98  gram. 

cl.  Complete  individaal  with  quite  porous  or  spongy  crust 

Weight,  0.96  gram. 
cm.  Individual.    Crust  quite  thick,  and  a  small  area  of  it 

broken  off  one  end.     Weight,  0.87  gram. 
en.  Fragment  one- third  covered  by  crust. 

Weight,  0.65  gram. 
CO.  Complete  individual.     Weight,  0,75  gram. 
cp.  Complete  individual.    Weight,  0.55  gram. 
eg.  Irregular  fragment  without  any  crust. 

Weight,  0.37  gram.  them.] 

[Piirc?M8ed  <m  thespotby  N.  H,  Winchell  from  parties  who  found 

No.  55.    WuhiDgton  County,   Kansas.    Fell  June  25,    1890. 

Museum  number,  7241. 

Stone.     Dark  ground  mass  with  some  white  grains  and 

glistening  metalUc  particles.    Very  heavy  and  rich  in 

iron.    Weight,  562  grams. 

[Purchased  through  H.  V.  Windtell] 
No.  56.     Diablo  Canon,  Arizona.    Found  March,    1891.     Mu- 
seum number,  7947. 
Iron.     Entire  individaal.    Lenticular  mass.     Weight  12| 
ounces.     Some  pieces  contained  diamonds. 

[By  eexhange  with  A.  E.  Foote.] 
No.  57.     Diablo  Canon,  Arizona.    Found  March,  1891. 

Siliceous  iron  associated  with  the  last.  Weight,  7f  ounces. 
Museum  number,  7948. 

A.  E.  Foote;Am.  Jour.  Sci.,  vol.  xlii,  p.  413,  1891. 
About  1700  pounds  have  been  found.     The  diamonds 
were  discovered  in  cutting,  by  Prof.  G.  A.  Kceig. 
No.  56.    Fayette    County,  Texas.    (La   Orange  Heteorit«.) 
Found  in  1878  by  farmers,  but  brought  to  light  by  Mr.  H. 
Hensoldt  in  1888.     Museum  number,  7949. 
Chondritic  stone,  slab,  length  22  in.,  width  11  in.,  \  in. 
tiiick,  weight,  \.&'povai.As.[By  exchange  with  Henry  A.  Wuri.'] 
Howell;  Science,  Feb.  3,  1888.  p.  55.     J.  E.  Whitfield  and 
G.  P.  MerriU;  Am.  Jour,  Sci.,  1888  [3]  vol.  xxx^^i,  p.  113. 
Total  weight  about  146  kilos.     *    *    * 
"To  the  nnajded  eye  tbe  chondrltfc  structure  Is  not  distinctly 
marked,  a  broken  surface  showing  a  fine  grained  aod  evidently 
cry atial line-granular  rock,  very  compact,  of  a  greeDish-graycolOT 
and  thickly  studded  with  small  metallic  points  with  a  brassy  luaUe. 
A  polished  surface  shows  the  stone  to  be  composed  of  small  chon- 
drf  rarely  over  2  mm.  In  diameter,  thickly  and  firmly  compacted 


In  a  fine  granular  groundmass.  Throughout  the  entire  mass  are 
thickly  distributed  Innumerable  small  irr%u3ar  flecks  of  a  steel- 
gray,  brassy  and  broDze-yellow  color,  presumably  native  iron  and 
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NOTES  ON  THE  PETROORAPHY  AND   GEOLOGY 

OP  THE  AKELEY  LAKE  REGION,  IN 

NORTHEASTERN  MINNESOTA 

BY  W.    S.   BAYLEY, 

U.  8.  Assistant  Geologist,  Lake  Superior  Diviaum, 
Upon  the  request  of  the  writer,  a  number  of  specimens  of  the 
rocks  collected  by  members  of  the  Minnesota  Geological  Sur- 
vey from  the  region  adjacent  to  Chub  (Akeley)  lake,  in  Sec. 
29,  T.  65  N.,  R,  4  W,,  Minn.,  were  kindly  furnished  him  for 
microscopic  study  by  Prof.  N.  H.  Winchell,  State  Geologist  of 
Minnesota.  At  the  time  the  request  was  made  there  was  no 
intention  of  publishing  the  results  of  this  study,  but  when  the 
microscopical  features  of  the  different  rocks  were  compared 
with  each  other,  and  with  their  structural  relationships,  it  was 
discovered  that  an  entirely  new  light  was  thrown  on  the  latter, 
and  that  these  must  be  given'  a  different  interpretation  from 
that  given  them  in  the  16th  and  17th  Minnesota  reports.  Con- 
sequently, it  has  been  thought  wise  by  Prof.  Winchell  to  make 
public  what  is  now  known  concerning  the  rocks  in  this  vicinity, 
in  order  that  the  geology  outlined  in  the  reports  may  be  appre- 
ciated with  a  little  more  clearness  than  has  heretofore  been 
possible. 

Since  some  of  the  conclusions  reached  by  the  Minnesota 
geologists,  after  study  of  the  hand -specimens  of  these  rooks, 
are  here  shown  to  be  erroneous,  in  consequence  of  a  mistaken 
supposition  with  reference  to  their  nature,  it  would  seem  proper 
to  emphasize  once  more  the  danger  of  generalizing  concerning 
the  relations  of  pre-Cambrian  rocks  before  hayiug  subjected 
them  to  a  thorough  microscopical  investigation. 

I  desire  to  thank  Prof,  Winchell  for  his  courtesy  in  providing 
the  material  asked  for,  and  for  his  kindness  in  affording  this 
means  for  the  publication  of  my  article. 
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(1)    Occurrence  and  Description  of  Specimens 
Mentioned  in  the  16th  Report. 

1327.  (16th  Ann.  Report,  p.  80).  South  and  a  little  east  of 
the  NW  corner  Sec.  24,  T.  65  N..  R  4  W. 

At  this  place  is  a  low  northward  facing  Animikie  bluff  in 
which  the  strata  dip  sodtheastwardly  about  12°.  It  is  made  up 
of  ore  on  top  and  of  alternating  gray  grit  and  sandstone,  with 
some  ore  and  chert,  below  (1327).* 

Under  the  microscope  1327  is  seen  to  be  a  well  defined  quart- 
zyte,  composed  of  rounded  quartz-grains,  contiguous  to  some  of 
which  may  be  detected  enlargements.  The  inclusions  are  fine 
dust-like  particles  and  liquid  enclosures.  Between  the  quartz- 
grains  was  once  an  abundan  t  cement,  but  this  has  been  changed 
to  a  crystallized  aggregate  of  fine  needles  of  hornblende  and 
fibres  of  chlorite,  that  often  unite  to  form  radiating  spherulites, 
in  the  centers  of  some  of  which  are  little  irregular  masses  of 
magnetite.  These  spherulites  are  scattered  here  and  there 
along  the  lines  separating  adjacent  quartz -grains.  Occasionally 
they  are  confined  entirely  to  these  interstitial  spaces,  but  more 
frequently  their  fibres  penetrate  the  quartz-grains  on  both  sides, 
while  sometimes  a  spherulite  may  be  entirely  surrounded  by 
quartz  (Fig.  1).     Were  it  not  quite  certain  that  the  rock  is 


FragniciitBl  quartzytu.  with  vementintc  materlHl  changed  tu  chlorite  and  fibrous  horn* 
blende.    No.  Hm.xzr. 

fragmental,  from  the  relations  existing  between  the  hornblende 
needles  and  the  quartz,  we  would  be  led  to  regard  the  latter  as 

ibstracted  rrom  tbe  MlnD«BOt>  raporls.  wbere 
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younger  than  the  former.  As  the  case  staDds,  we  must  con- 
clude that  the  spherulites  have  formed  since  the  rock  was  laid 
down .  . 

1329.  (16th  Ann.  Report,  pp.  81-82.)  About  250  paces  west 
of  NE  corner  Sec.  22.  T.  65  N.,  R.  4  W. 

This  specimen  is  a  sample  of  a  great  dyke  that  cuts  the  gneiss 
underlying  the  rocks  above  mentioned.  1329  does  not  correctly 
represent  the  dyke,  but  it  is  the  only  sample  that  has  been 
furnished.  It  is  a  very  coarse-grained  olivine- diabase,  with 
long  lath-shaped  crystals  of  a  plagioclase  near  andesine,  large 
grains  of  light-coiored  olivine,  and  interstitial,  allotriomorphic 
dark  pink,  slightly  pleochroic  augite,  with  much  irregular 
magnetite  in  and  around  the  augite.  This  last  named  mineral 
is  quite  fresh,  except  in  small  areas  immediately  next  to  feld- 
spars, where  it  is  slightly  chloritized.  The  rock  resembles  very 
strongly  the  substance  of  the  great  dykes  everywhere  cutting 
Uie  Animikie  in  the  lake  Superior  region. 

1334  and  1835.  (16th  Ann.  Report,  p.  83.  J  SW  i  Sec.  2L  T. 
65  N..  R.  4  W. 

The  greenstone  represented  by  13:i9  extends  southward  to 
near  the  south  line  of  Sec.  21,  where  it  is  evideni  that  the 
greenstone  has  given  way  to  the  Animikie  carrying  magnetite. 
The  most  southern  identifiable  portion  of  the  greenstone  is 
represented  by  1334.  Beyond  this  there  is  a  transition  to  a 
rock  represented  by  1335,  which  is  heavily  bedded.  It  dips 
south  at  45'^  and  apparently  underlies  the  iron  beds  (1336). 
The  rock  has  not  the  characteristics  of  an  eruptive,  but  it  ap- 
pears to  have  those  of  a  basic  sedimentary  bed  which  has  been 
metamorphosed.  Such  a  rook  has  not  before  been  seen  in 
Minnesota.  1334  and  1335  occur  in  two  bluffs  on  the  opposite 
sides  of  a  narrow  E.  and  W.  lake. 

1336.  ( 16th  Ann.  Report,  p.  82. )  NE  i.  NE  i  Sec.  29,  T. 
65  N..  R.  4  W. 

■  "This  ore  is  well  characterized  olivinitic,  magnetic,  granular, 
the  yellowish  waxy  grains  of  olivine  being  mingled  rather 
uniformly  with  the  grains  of  ma^etite." 

1334,  which,  if  the  beds  all  dip  south,  is  the  lowermost  mem- 
ber of  this  interhedded  series,  is  mainly  an  aggregate  of  very 
small  grains  of  an  almost  colorless  augite,  surrounding  here 
and  there  a  larger  grain  of  the  same  mineral.  The  smaller 
grains  are  very  irregular  in  shape,  while  the  larger  ones  aie 
long  and  narrow,  as  if  vertical  sections  of  crystals  flattened 
parallel  to  their  basal  planes.     There  is  a  rude  parallel  ar- 
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rangement  of  the  grains  so  that  the  rock  possesses  a  kind  of 
stratified  stmctnre.  In  addition  to  the  augite  there  are  in 
bands  in  the  section  small  grains  of  a  greenish-brown  horn- 
blende. These  are  intermiikgled  with  the  grains  of  the  aitgit« 
mosaic  and  like  these  are  rudely  arranged  in  parallel  directions. 
A  few  grains  of  magnetite  scattered  thro.ugh  the  mosaic  and 
an  occasional  grain  of  quartz  complete  the  list  of  the  rock's 
constituents.  There  is  no  evidence  of  any  kind  that  the  rock 
was  ever  clastic.  It  appears  rather  to  be  a  modified  eruptive. 
The  augite  mosaic  has  certainly  resulted  from  the  fracturing 
of  large  grains  of  pyroxene  and  the  movement  of  the  fractured 
parts  from  their  original  positions.  In  one  portion  of  the  slide 
this  process  may  actually  be  seen  in  operation.  A  large  grain 
of  augite  is  granulitized  around  its  edges,  while  its  interior  is 
crossed  by  many  irregular  lines  of  fracture,  which  divide  the 
grain  into  bundredsof  smaller  ones.  The  slightest  movement 
would  suffice  to  transform  this  broken  grain  into  an  augite  mosaic 
exactly  like  that  elsewhere  in  the  section.  1335,  into  which  1334 
is  supposed  to  grade,  is  not  very  different  in  its  structure  from 
1334.  It  is  an  aggregate  of  tiny  rounded  grains  of  almost  col 
orless  augite,  andgrainsand  tiny  lath-shaped  crystals  of  plagio- 
clase  forming  a  mosaic  in  which  lie  much  altered  large  grains 
of  augite,  changed  on  their  edges  to  greenish-brown  horn- 
blende and  peppered  throughout  with  dust-like  grains  of  mag- 
netite. A  few  grains  of  the  hornblende  are  also  discovered  in 
other  parts  of  the  slide,  but  they  occur  in  such  relations  to  the 
other  minerals  as  to  leave  no  doubt  that  they  are  derived  from 
large  grains  of  augite  (Fig.  2).     The  composition,  as  well  as 
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the  structure  of  the  rock,  places  it  among  the  granulitic  gab- 
bros  so  well  described  by  Judd,"  and  ascribed  by  him  to  the 
movement  of  a  gabbro  rock  mass,  while  in  the  pasty  condition 
just  prior  to  complete  solidification.  1336,  the  iron  ore  above 
1335,  is  mainly  an  aggregate  of.olivine  and  angite,  and  irregu- 
lar grains  of  magnetite.  The  latter  mineral  is  in  large  pieces 
scattered  between  the  other  two,  especially  between  the  grains 
of  olivine,  and  in  small  rounded  grains  included  in  the  latter. 
The  large  pieces  are  apparently  secondary,  while  the  small 
round  grains  are  probably  original.  The  olivine  is  older  than 
the  pyroxene.  It  is  in  round  grains  of  a  yellowish  green  color 
included  in  large  pieces  of  augite,  cmd  it  also  ^orms  a  ground- 
mass  of  interlocking  grains  in  which  the  plates  of  pyroxene 
lie.  These  latter  are  large  and  are  very  irregular  in  outline. 
They  include  olivine  and  stretch  far  out  into  the  interstices  be- 
tween the  grains  of  the  groundmass.  The  color  is  bright 
green.  There  is  no  noticeable  pleochroism  and  the  extinction 
is  about  35*  (Fig.  3). 


This  rock  tike  the  others  (1334  and  1335)  is  undoubtedly  a 
modified  eruptive.  It  certainly  is  not  fragmental,  nor  is  there 
any  proof  that  it  is  a  changed  fragmental.  Ko  metamorphic 
rocks  of  this  kind  have  ever  been  described,  nor  is  it  plain  how 
such  might  be  formed,  except  by  complete  fusion  and  recrystal- 
lization,  in  which  case  the  result  would  not  be  distinguishable 
from  an  original  eruptive.  Fig.  3.  shows  the  structure  of  the 
ore. 


•Quart,  Jour.  Oeol.  Soc.,  ISM,  p. 
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1340  and  1341.  (16th  Ann.  Report,  p.  85.)  The  quartzyte 
with  which  the  ore  is  associated  is  well  developed  alittle  to  the 
west  of  1336.  Here  it  dips  48"  to  the  south,  the  quartzyte  and 
magnetic  quartz-schist  being  from  140  to  150  feet  thick,  and  the 
associated  olivinitic  ore  beds  perhaps  50  feet.  Interbedded 
with  one  ot  the  quartzyte  layers  (1340)  is  a  bed  ot  gabbro 
(1341),  which  varies  rapidly  in  its  structure  from  the  coarse 
grain  of  the  ordinary  gabbro  to  the  fine  grain  of  the  rock  called 
"muscovado"  in  the  15th,  16th.  17tb  and  18th  Annual  Reports. 

1340.  The  so-called  quartzyte.  is  not  a  fragmental  rock,  but 
is  one  composed  of  interlocking  quartz-grains,  including  mag- 
netite.    (Pig.  4. )'   The  latter,  which  is  the  older  of  the  two 


Cry«tHlllzi^d  iiinLrUftf,  hsbocIhImI  hIiIi  "ore"  iini]  tirsnulllli!  KHbbni.    So.  IMO.iTT. 

components  is  often  in  well  marked  octahedrons  enclosed  in  the 
quartz,  but  more  frequently  it  is  in  rounded  grains,  either  sur- 
rounded by  a  quartz  individual,  or  situated  between  several  of 
them.  In  the  latter  case  thegrains  are  slightly  altered  on  their 
edges  to  a  brownish  earthy  pr(>duct,  probably. limonite.  or  to  a 
green  decomposition  product,  either  chlorite  or  hornblende. 
The  quartz  interlocks  by  sutures  that  are  perhaps  not  quite  as 
irregular  on  the  whole  ^  the  sutures  of  granitic  quartz,  but 
they  are  too  irregular  to  be  regarded  as  due  to  any  cause  bnt 
the  crystallization  of  the  quartz  in  titu.  A  comparison  of  fig. 
4  with  fig.  1  will  show  plainly  the  difference  in  structure  be- 
tween this  crystallized  quartzyte  and  the  fragmental  quartzitic 
sandstone  of  the  Animikie.  ' 

1341.  The  gabbro  interbedded  with  the  crystallized  quartzyte 
is  in  an  intermediate  phase  between  the  coarse  grained  normal 
olivine  gabbros  and  the  granulltic  varieties,    in    which  the 
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pyroxene  occures  in  small  'rounded  grainB.  The  olivine  is  in 
the  ordinary  form.  The  plagioclase  is  in  irregular  grains,  with 
a  tendency  to  the  lath  shaped  forms  of  diabasic  feldspar.  Its 
gabbroitic  character  is  evinced  in  the  abundance  of  dust-like 
particles  scattered  through  it,  and  especially  by  their  thick 
accumulation  toward  the  centers  of  all  grains.  The  pyroxene  is 
a  light-colored  augite,  thickly  crowded  with  magnetite  grains, 
small  masses  of  limonite  and  tiny  plates  of  brown  biotite.  Some 
of  the  augite  is  in  ophitic  plates  between  the  feldspars,  but 
most  of  it  is  in  little  rounded  grains.  The  magnetite,  nearly 
all  of  which  is  secondary,  is  thickly  strewn  through  the  section 
in  long  irregular  grains  in  and  between  the  other  constituents, 
especially  the  augite  and  olivine,  and  in  tiny  rounded  grains  in 
the  augite  and  the  plagioclase. 

(16th  Ann.  Report,  pp.  86-87.)  The  great  quartzyte  of  which 
No.  1340  is  a  sample,  "is  near  the  top*  of  the  Animikie,  and, 
since  it  is  a  new  feature  in  the  northeast  part  of  Minnesota,  it 
deserves  a  name.  It  apparently  occupies  the  same  horizon  as 
the  quartzyte  at  the  head  of  Wauswaugoning  bay.  Because  of 
the  association  with  it  oi  iron  beds  it  has  been  called  "  Pewabic 
quartzyte. " 

1343  and  1346.  Near  the  center  of  the  NE  i  of  the  SW  i  of 
Sec.  25,  T.  65  N.,  R.  5  W..  the  Pewabic  quartzyte  is  again  met 
with{1343,)  dipping  55°  S.,  and  further  north  occurs  greenstone 
(1345)  quite  like  that  in  sections  21  and  29,  T,  65  N.,  R.  4  W., 
(via.,  1334  and  1335)  but  approaching  a  little  more  closely  to 
the  rock  called  "muscovado"  in  other  reports. 

1347.  {16th  Ann.  Report,  p.  88.)  The  best  sample  of  "mus- 
covado "  comes  from  the  shore  of  Muscovado  lake,  in  Sec.  36, 
T.  65  N.,  R.  5  W. 

1343,  which  is  said  to  be  a  sample  of  the  Pewabic  quartzyte, 
is  an  ollvinitic  rock  which  is  probably  but  a  very  basic  phase 
of  gabbro,  just  as  the  olivine  bombs  of  basalts  are  nothingf 
but  very  large  accumulations  of  olivine  and  other  basic  minerals 
in  the  surface  equivalents  of  the  gabbros.  It  is  composed  almost 
exclusively  of  olivine  and  quartz.  The  latter  is  probably  the 
younger  component  as  it  occurs  in  subangular  grains,  often 
entirely  surrounded  by  olivine,  to  whose  contours  it  appears  to 
adapt  itself.     It  includes  tiny  grains  of  magnetite,  rounded 

•Id  Bulletin  No.  a  dI  the  Mlnoesota  Oeologlcal  ijurvt]y(p.  US)  this  <|UBrtzyU' 1:1  put 
At  the  bottom  of  tbo  Animlkle,  aod  It  U  ao  Inager  regarded  as  the  eijiiIvnlEMit  of  thu 
WausimuKODlag  quartzyte. 

+  B»uer:     NeueaJahrb.fnr.  Mln., etc. ,1801.    IT.  p.  SOO. 
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ones  of  olivine,  and  some  small  acicalar,  almost  colorless  crys- 
tals that  are  thought  to  be  pyroxene.  The  olivine  constitates 
over  ninety  per  cent,  of  the  entire  rock.  It  is  in  closely 
crowded,  mutually  interfering,  pale  yellowish-green  grains, 
containing  a  few  magnetite  inclusions  and  some  that  appear  to 
be  of  glass.  Occasionally  an  olivine  grain  may  be  included 
within  a  quartz  grain,  but  usually  the  olivine  forms  a  compact 
granular  groundmass  in  the  occasional  interstices  of  which  the 
quartz  has  recrystallized.  Another  mineral  occurring  in  the 
rock  in  very  small  quantity  is  a  bright  green  pyroxene  that 
is  very  slightly  pleochroic-  The  fine  series  of  striations  appar- 
ent on  it  indicate  a  diallage.  This  mineral  is  found  only  in  very 
small  pieces  between  the  olivines,  or  between  this  mineral  and 
quartz.  It  is  probably  more  common  in  the  latter  position 
than  in  the  former.  It  is  undoubtedly  younger  than  the  oli- 
vine and  older  than  the  quartz.  The  constitution  and  structure 
of  the  rock  point  directly  to  the  gabbros  as  its  nearest  relatives. 

1345  is  a  granulitic  gabbro,  composed  of  rounded  grains  of 
augite  and  plagioclase,  the  latter  of  which  often  include  the 
former,  and  large  plates  of  brown  hornblende.  The  horn- 
blende is  very  strongly  pleochroic  and  is  present  in  small  flakes 
scattered  between  the  augite  grains,  and  in  large  ones  in  areas 
where  the  augite  is  most  thickly  accumulated.  From  the  fact 
that  many  of  the  grains  of  augite  in  the  section  are  partially 
changed  to  green  and  brown  hornblende,  it  is  inferred  that  all 
of  this  minerfil  is  secondary.  Its  contours  are  very  irregular 
and  the  peripheral  portions  of  the  larger  plates  are  granulated 
exactly  as  is  the  augite. 

1347,  like  1S34  and  1385,  is  a  granulitic  gabbro,  but  unlike 
the  latter  two  rocks  it  contains  an  abundance  of  hypersthene 
and  but  very  little  olivine.  All  the  components  are  beautifully 
fresh.  The  plagioclase  is  in  very  irregular  pellucid  grains, 
enclosing  magnetite  and  hypersthene,  besides  a  few  glass  in- 
clusions. The  hypersthene  forms  more  or  less  rounded  grains 
lying  between  the  plagioclase  grains,  and  sometimes  included 
in  them.  It  is  pleochroic  in  deep  pink  and  light  green  tints, 
and  it  includes  a  few  magnetite  grains.  In  many  portions  of 
the  section  the  grains  are  isolated,  but  in  other  portions  they 
unite  to  form  accumulations,  between  the  grains  of  which  large 
masses  of  magnetite  lie.  The  olivine,  when  present,  is  in  laige 
irregular  grains,  very  much  decomposed  with  the  production 
of  much  magnetite. 
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The  relation  of  this  rock  to  a  gabbro  is  too  clear  to  need  em- 
phaslziog.  The  components  are  those  of  the  gabbros,  while 
the  structure  corresponds  exactly  to  that  of  the  granalltized 
varieties. 

DISCUSSION. 

Of  the  rocks  above  described,  1327  is-a  fragmental  quartzyte, 
1329  a  diabase,  1334,  1335,  1345  and  1347  are  granulitic  gabbros, 
1341  is  an  intermediate  phase  between  the  normal  gabbros  and 
the  granulitic  varieties,  1336  a  very  basic  aggregate  of  gabbro 
components,  1343  a  similar  basic  aggregate  with  the  addition 
of  quartz,  and  1340  a  crystallized  quartzyte. 

In  the  16th  Annual  Report  of  the  Minnesota  Geological  Sur- 
vey, 1327  is  called  a  chert,  1336  an  Animikie  bed  (presumably 
quartzyte)  carrying  ore,  1340  a  quartzyte  (presumably  frag- 
mental), 1343  quartzyte  (Pewabic  quartzyte),  and  1345  and  1347 
'  'moscovado. " 

The  most  evident  results  of  the  microscopic  study  of  the 
rocks  are  with  respect  to  their  nature.  1327  is  not  a  chert,  but 
like  all  the  other  non-eruptive  Animikie  beds  described,  it  is  a 
sedimentary  clastic  rock. 

The  "muscovados"  that  have  so  frequently  been  mentioned 
in  the  reports  as  very  peculiar  basic  rocks  whose  true  nature  is 
unknown,  have  been  learned  to  be  granulitic  phases  (sometimes 
quartzitic)  of  the  very  common  gabbros  so  prevalent  in  north- 
eastern Minnesota. 

The  "Pewabic  quartzyte"  (1343)  and  its  associated  ores 
(1836)  are  about  as  far  removed  from  being  quartzytes  as  pos- 
sible. Instead  of  being  acid  fragmental  rocks,  most  of  them 
are  basic  crystalline  ones,  and  from  their  very  nature  they 
may  safely  be  considered  as  phases  of  gabbro.* 

From  the  single  section  of  1340  it  is  not  possible  to  learn 
mnch.  However,  the  rock  is  not  a  fragmental  quartzyte  like 
the  quartzyte  of  the  Animikie  beds,  and  consequently  cannot  be 
regarded  as  the  equivalent  of  fragmental  quartzytes  existing  at 
other  places  in  the  lake  Superior  basin.  If  we  may  be  per- 
mitted to  interpret  the  result  of  the  study  of  section  1340  by 
means  of  the  knowledge  gained  during  the  investigation  of  a 
suite  of  specimens  collected  from  the  Akeley  lake  region  by 
the  United  States  Geological  Survey,  we  must  conclude  that 

*  In  thJs  paragrspb  it  la  not  InMnded  lo  deny  the  poaalblllty  of  any  ot  tbe  so-called 
Pewabic  quartzytes  being  true  trsgmentals.  Itis  merely  asserted  that  muob  of  this 
rock  In  the  Akelej  lake  region  Is  a  phase  ot  gabbro.  and  that  noae  Of  It  In  this  neigh- 
borhood U  fragnienlBl. 
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this  rock,  though  a  completely  crystallized  quartzyte,  is  noth- 
ing more  nor.  less  than  an  extreme  phase  of  the  gabbro.  In 
other  words,  it  is  a  completely  altered  gabbro  rather  than  an 
independent  rock  species,  and  hence  it  must  be  classed  with 
the  gabbro  overlying  the  Animikie  and  not  with  the  Animikie 
fragmentals. 

Prom  the  above  statements  it  is  quite  clear  that  some  of  the 
conclusions  reached  by  the  Minnesota  geologists  with  respect 
to  the  relations  of  the  Akeley  lake  ores  to  the  Animike  beds 
must  be  modified.  Prom  the  mere  fact  -that  the  former  dip 
south  at  high  angles  (aO^-BS"),  while  all  of  the  Animike  beds 
are  only  moderately  inclined  (12°-25°),  it  might  be  argued  that 
the  two  series  are  different.  A  stronger  argument,  however, 
is  discovered  when  we  learn  that  none  of  the  beds  belonging  to 
the  former  series  are  fragmental,  while  all  of  .those  of  the 
Animike  are  either  clastic  or  but  slightly  altered  diabases. 
Moi*eover  the  Akeley  lake  ores  are  underlain  by  modified  gab- 
bro, while  the  ores  themselves  are  probably  phases  of  the  same 
rock,  which  extends  from  this  place  southward  for  many  miles 
as  a  typical  olivine-gabbro.  We  must  then  class  the  ores,  and 
even  much  of  the  rock  called  '  ■  Pewabie  quartzyte "  with  the 
gabbros.  Even  though  some  of  the  rock  called  "Pewabie 
quartzyte  "  may  be  a  true  quartzyte  in  the  Animikie,  it  is  evi- 
dent that  it  is  not  of  as  great  importance  for  correlation  pur- 
poses as  has  been  supposed. 

Some  of  the  conclusions  published  in  the  16th  report  (pp.  84, 
85 )  of  the  Minnesota  Survey,  must  thus  be  modified  before  they 
can  be  accepted  as  correct.  Without  entering  further  into  the 
discussion  of  the  various  conclusions  in  detail,  it  will  prove  suf- 
ficient for  the  present  purpose  to  state  them  briefiy  in  their 
modified  forms.  The  changes,  which  the  writer  thinks  -are 
necessitated  by  the  knowledge  of  the  true  nature  of  the  rocks 
concerned,  may  be  learned  by  comparison  of  the  original  con- 
clusions* as  published  in  the  Minnesota  report,  with  those  here 
given. 

1.  The  ore  bods  of  the  Akeley  lake  series  belong  with 
the  overlying  gabbro.  and  not  with  the  Animikie. 

2.  The  iron-bearing  rock  isa  phase  of  the  gabbro  into  which 
it  passes  above. 

■  The  numlicrlus  ii(  the  i-ooclusiunB  t-orrespoDilB  wltli  th>t  used  in  the  aiune-ot» 
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t.  The  bedded  rocks  of  the  iroD  belt  are  granulitic 
gabbrOB,  and  consequently  are  eruptives,  and  not  changed  sed- 
Imentaries. 

4  and  5  may  stand  unchanged,  if  by  quartzyte  is  not  under- 
stood a  fragmental  rock. 

6.  The  rocks  interbedded  with  the  ore^  are  special  phases 
of  gabbro. 

7,  8  and  9  remain  unchanged  so  far  as  the  conclusions  are 
concerned. 

10.  Since  the  so-called  Pewabic  quartzyte  of  the  Alieley 
lake  region  is  in  most  cases  a  gabbro,  it  cannot  be  correlated 
with  quartzytes  in  the  Animikie  in  other  regions.  In  the 
Akeley  lake  region  it  is  certainly  near  the  bottom  of  the 
gabbro. 


(II)    Occurrence  and  Description  of  Specimens    Men- 
tioned IN  the  17th  Report. 

451  (H)  and  452  (H).  ( 17th  Ann.  Report,  p.  107. )  NWi  Sec. 
28,  T.  65  N.,  R.  4  W. 

Southeast  of  1334  and  1335,  and  east  of  1336,  1340  and  1341, 
and  nearly  on  their  strike,  are  beds  of  Animikie  (?)  slate  and 
ore,  dipping  at  60°-75'',  and  lying  apon  a  biotitic  gabbro,  which 
has  slightly  metamorphosed  their  lowest  quartzitic  and  ore 
layers.  Nos.  451  and  452  show  the  changes  and  gradation  of 
the  Animikie  beds  as'  they  become  crystalline  and  pass  through 
metamorphosed  strata  into  the  greenstone. 

453  (H).  {17th  Ann.  Report,  p.  108.)  is  another  specimen  of 
the  Animilde  from  a  drill  bole  a  little  to  the  south  of  451  and 
452. 

451  (H),  like  the  rocks  to  the  west  of  it,  is  a  gabbro,  and  not 
a  fragmental  rock  in  any  sense  of  the  word.  Its  structure, 
like  that  of  1341,  is  intermediate  between  that  of  the  true 
gabbros  and  that  of  the  granulitic  varieties.  I^  contains  large 
plates  of  almost  colorless  augite  and  of  strongly  pleochroic 
hypersthene,  surrounded  by  an  aggregate  of  rounded  grains  of 
the  same  minerals,  flakes  of  brown  biotite  and  irregular  grains 
of  colorless  plagioclase.  In  the  immediate  neighborhood  of 
the  iarger  pyroxenes  the  small  grains  of  this  mineral  are 
orientated  to  correspond  with  the  orientation  of  the  larger  ones, 
from  which  they  are  separated  by  the  plagioclase.  The  biotite 
is  in  large  flakes  with  strong  pleochroism  in  bright  yellow  and 
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dark  bronzy  titite.  that  lie  within  the  large  grains  of  pyroxene  and 
between  th^maller  grains,  and  in  very  small  ill-defined  masses 
within  the  larger  grains  of  both  the  augite  and  the  hypersthene. 
It  is  also  found  included  in  the  plagioclase,  and  occuning  be- 
tween the  feldspar  grains.  Of  the  plagioclase  nothing  need  be 
said  save  that  it  is  the  youngest  of  the  original  components, 
the  biotite  being  regarded  as  secondary.  The  arrangement  of 
the  various  constituents  in  a  rudely  parallel  manner  produces 
an  apparent  stratification,  which  no  doubt  was  the  phenomenon 
that  led  to  the  supposition  that  the  rock  is  part  of  the  sedimen- 
tary Animikie.  The  microscope  shows  clearly  that  this  is  not 
the  case.  The  rock  is  surely  eruptive,  and  is  a  phase  of  the 
great  gabbro  flow. 

No.  452(H),  which  was  thought  to  represent  a  more  metamor- 
phosed phase  of  451,  is  a  crystalli^ied  quartzyte,  like  1340,  which 
lies  to  the  west  of  it.  That  it  should  be  classed  as  im  extremely 
acid  phase  of  the  gabbro  is  indicated  by  the  existence  in  it  of 
large  masses  of  augite  and  secondary  green  hornblende.  When 
these  minerals  are  in  contact  with  the  quartz  grains  tbe  latter 
are  bounded  by  a  fringe  of  very  fine  needles  that  are  probably 
hornblende. 

No.  458  H,  also  supposed  to  be  an  Animikie  fragmental  by 
the  Minnesota  geologists,  is  very  similar  to  1336  and  1343  in 
structure.  In  composition,  however,  it  differs  from  these  in 
that  the  pyroxene  is  mainly  hypersthene.  This  is  present  in 
very  large  plates.  Including  small  rounded  grains  of  a  light 
green  augite  and  bright  green  masses  of  hornblende,  besides 
numerous  grains  of  magnetite,  that  are  so  abundant  as  to  make 
the  rock  nearly  as  much  of  an  ore  of  iron  as  1336.  From  the 
nature  of  the  rook  it  is  quite  plain  that  it  is  a  phase  of  gabbro. 

454  (H.)  {17th  Ann.  Report,  p.  109.)  "In  the  NW  i  Sec. 
35,  T.  65  N. .  R.  5  W. ,  is  a  knoll  of  Animikie  quartzyte.  •  •  • 
It  dips  south  about  75''  and  strikes  east  and  west.  Across  the 
valley  which  lies  to  the  south  side  of  it,  is  found  gabbro." 

This  rock,  lik»452  (H,)  is  a  crystallized  quartzyte,  composed 
of  interlocking  grains  of  quartz,  including  large  numbers  of 
magnetite  grains.  In  addition  to  the  included  magnetite  there 
is  an  abundance  of  this  mineral  between  the  quartz  grains.  A 
few  flakes  of  hornblende  or  chlorite  occur  between  the  quartzes 
and  long  slender  needles  of  some  opaque  mineral  extend  from 
the  edges  of  the  included  magnetites  far  out  into  the  surround- 
ing substance.  The  most  important  fact  in  connection  with 
these  three  rocks  is  that  the  one  (451 H)  farthest  removed  from 
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the  underlying  (metamorphosing?)  greenstone  is  least  like  a 
sedimentary  rock.  Consequentiy  those  nearest  the  greenstone 
(452)  can  not  have  been  formed  from  it  by  the  metamorphosing 
action  of  the  latter — using  "metamorphosing"  in  the  sense  in 
which  it  is  used  in  the  Minnesota  report. 

455(H),  466(H),  and 458  (H.)  (17th  Ann.  Report,  p.  109-110.) 
NW  i  Sec.  35,  T.  65  N. ,  R.  5  W.  The  knoll  in  which  454  (H) 
is  {ound  extends  westward  as  a  ridge,  with  a  precipitous  bluff 
about  40  feet  high,  facing  north.  The  upper  half  or  two-thirds 
of  the  bluff  is  Animikie  quartzyte  and  ore,  dipping  70*^  S.,  and 
the  lower  portion  is  Keewatin{  ?)  greehstone  like  that  north  of 
Akeley  lake  (the  granulitic  gabbro,  W.  S.  B.)  The  contact 
between  the  two  is  fine.  The  Animikie  is  but  very  slightly 
modified  by  the  igneous  rock  beneath  it.  But  at  other  places 
to  the  east  the  Animikie  is  greatly  metamorphosed,  so  that 
the  line  of  contact  is  not  discernible.  The  greenstone  near  the 
contact  is  a  little  finer  grained  and  less  massive  than  it  is  two 
feet  below;  but  no  other  change  is  apparent  in  it.  456  (H), 
4&6A  (H),  456B  (H),  456C  (H),  are  specimens  of  this  greenstone, 
taken  in  order  receding  from  the  line  of  contact.  456D  ( H)  is 
greenstone  from  a  point  150  paces  further  west,  aud  455A  (H) 
is  the  Animikie  al>ove  it. 

In  describing  the  petrographic  features  of  the  rocks  it  will 
be  best  to  begin  with  456C  (H)  and  pass  from  this,  the  most 
nearly  normal  phase  of  the  underlying  greenstone,  to  the  more 
special  phases  occurring  nearer  the  contact  and  ending  with 
455A  (H),  the  supposed  Animikie  above  it. 

456C  (H)  consists  of  coarse  grains  of  gabbroitic  plagioclase 
filled  with  dust  inclusions  and  tiny  crystals  of  apatite,  and  large 
plates  and  small  grains  of  pyroxene,  besides  magnetite  and  bio- 
tite.  The  pyroxene  is  augite  and  hypersthene,  the  former  of 
which  not  only  occurs  in  the  broad  plates  and  large  irregular 
grains  characteristic  of  gabbro,  but  also  in  small  rounded 
grains  surrounding  these,  and  stretching  as  aggregates  far  out 
between  the  plagioclases.  The  hypersthene  is  found  only  in 
the  roimded  grains.  The  large  grains  of  augite  are  much  al- 
tered, the  most  prominent  alteration  products  being  tiny  fiakes 
of  a  strongly  pleochroic  reddish-brown  biotite,  some  green 
hornblende  and  irregular  masses  of  magnetite.  Besides  the 
biotite  included  within  the  pyroxene,  there  are  large  flakes  of 
the  same  mineral  between  the  augite  and  the  plagioclase,  and 
others  between  adjacent  feldspar  grains.  Since  the  larger 
flakes  are  exactly  like  the  smaller  ones  in  every  respect  but 
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size,  and  smce  the  latter  are  undoubtedly  secondary,  it  is  in- 
ferred that  the  larger  ones  are  also  secondary,  and  that  their 
great  abundance  in  the  neighborhood  of  the  plagioclase  is  due 
to  a  reaction  between  this  mineral  and  the  augit«. 

There  are  other  interesting  features  connected  with  this 
slide,  but  enough  hEis  been  said  to  indicate  that  the  rock  from 
which  It  was  made  is  a  true  gabbro,  in  which  the  beginning  of 
a  graniilitization  of  the  pyroxene  may  be  detected. 

456B  (H)  differs  from  4560  (H),  mainly  in  that  the  plagio- 
clase  is  more  frequently  in  lath  shaped  individuals,  and  the 
pyroxene  is  more  completely  granulated.  Magnetite  and 
biotite  are  less  abundant  than  in  456C  (H),  and  hypersthene 
may  be  more  abundant.  The  rock  approaches  more  nearly  tfie 
granulitic  gabbros  than  the  normal  phases  of  this  rock. 

456A  (H)  is  a  very  fine-grained  granulitic  rock,  contaimog  a 
very  large  quantity  of  biotite  and  magnetite.  Occasionally  the 
feldspars , have  lopg,  narrow  cross  sections,  but  in  this  respect 
only  does  the  rock  resemble  diabase.  Most  of  the  plagioclase 
as  well  as  all  of  the  pyroxene  is  in  rounded  grains.  The  mag- 
netite is  in  irregular  grains  and  in  little  crystals,  and  t^e  bi- 
otite is  in  small  flakes  that  are  about  as  broad  as  they  are  long. 
The  features  are  those  of  a  fine-grained  eruptive  with  gabbro 
characteristics. 

4u6  (H),  which,  according  to  the  descriptions  in  the  17th 
Report,  is  a  specimen  taken  from  the  immediate  contact  of  the 
gabbro'  with  the  overlying'  beds,  is  a  granulitic  gabbro,  in 
which  is  a  vein  of  very  coarse  pyroxene.  The  granulitic  por- 
tion of  the  rock  is  not  very  different  from456BiH).  It  is  an 
aggregate  of  small  grains  of  pyroxene,  and  of  pellucid  plagio- 
clase. together  with  small  plates  of  brown  biotite,  all  including 
many  smaller  grains  of  magnetite,  and  all  arranged  in  a  some- 
what parallel  manner,  that  is  not  the  result  of  pressure. 
Through  this  passes  a  vein  of  irregularly  interlocking,  coarse 
grains  of  pyroxene,  both  augite  and  diallage,  and  greenish- 
brown  hornblende,  scattered  through  which  are  a  few  plates 
of  biotite  and  grains  of  plagioclase  and  magnetite.  Along  tiie 
edges  of  the  vein  the  amounts  of  green  hornblende,  of  biotite. 
and  of  magnetite  increase,  and  the  structure  gradually  becomes 
granulitic. 

These  four  specimens  are  thus  seen  to  belong  with  the  gab- 
bro. The  granulitic  variety  can  be  traced  back  into  a  rock 
that  shows  but  traces  of  granulitization,  so  that  there  can  be 
but  little  doubt  that  the  former  are.  as  has  been  repeatedly 
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Btated,  but  special  phases   of  the    latter.     The  greenstones 
underlying  the  supposed  Animikle  rocks  in  this  place  are  then  . 
not  Keewatin,  but  they  are  identical  in  every  respect  with  the 
overlying  rock,  which  is  certainly  not  Keewatin. 

455A  (H).  The  section  of  this  rock,  which  is  a  sample  of  . 
the  supposed  Animikle  above  the  greenstone,  consists  of  two 
very  distinct  portions.  The  major  part  is  composed  of  thickly 
crowded  plates  of  hypersthene,  filled  with  magnetite  and  in- 
cluding an  occasional  grain  of  quartz.  The  minor  portion  is 
like  the  crystallized  quartzytes  452  (H)  and  454  (H),  though  the 
quartz  grains  are  perhaps  a  little  more  rounded  than  in  these 
two  cases.  They  include  magnetite  and  rounded  grains  of  hy- 
persthene and  numerous  large  liquid  cavities,  and  are  often 
separated  from  each  other  by  thin  seams  of  limonite.  Between 
the  two  areas  mentioned  is  a  sort  of  transition  zone  in  which 
the  quartz-grains  and  hypersthene  are  intermingled  in  al>out 
equal  proportions  with  the  latter  between  the  grains  of  the 
former. 

The  quartzitic  portion  of  this  rock  is  either  a  vein  in  it,  or 
it  is  but  a  very  acid  phase  of  the  granulitic  gabbro.  In  the 
hand  specimen  the  quartzitic  band  is  but  a  fraction  of  an  inch 
in  width.  In  either  case  the  rock  loses  its  importance  as  a 
means  for  determining  the  age  of  the  gabbro.  It  is  ce^inly 
not  part  of  a  clastic  bed,  but  it  is  a  portion  of  the  gabbro. 

458  (H).  {17th  Ann.  Report,  p.  110.)  North  of  the  bluff  from 
which  456  (H),  etc.,  were  taken,  is  a  still  higher  ridge  in  which 
the  rock  appears  to  be  slightly  different  from  thaC  in  the  south- 
em  ridge.  This  rock,  under  the  microscope,  is  found  to  be  a 
very  fine-grained  granulitic  aggregate  oF  colorless  augite  and 
plagioclase,  with  a  little  mica  and  magnetite  and  large  decom- 
posed areas  of  what  were  perhaps  originally  idiomorphic  grains 
of  augite.  At  present  these  larger  areas  consist  largely  of 
magnetite  dust  and  green  hornblende. 

DISCUSSION. 

It  will  not  be  necessary  to  discuss  the  bearing  of  the  nature 
of  the  rocks  described  in  the  17th  Report  upon  the  geology  of 
the  Akeley  lake  region  at  as  great  length  as  was  done  in  the 
case  of  those  mentioned  in  the  16th  Report.  It  will  be  snfd- 
cient  to  call  attention  to  the  fact  that  the  investigation  of  the 
former  rocks  substantiates  the  conclusions  deduced  from  the 
study  of  those  whose  locations  are  given  in  the  latter  report. 
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All  the  bedB  that  were  suppoBed  to  be  Animikie  are  discov- 
ered to  be  quite  unlike  any  beds  that  are  known  to  belong  to 
this  formation.  They  all  dip  at  higher  angles  than  do  the 
Animikie  rocks,  and  at  the  same  angle  as  do  some  beds  that 
are  imdoubtedly  a  part  of  the  great  gabbro  flow.  Moreover, 
most  of  the  supposed  Animikie  layers  are  not  fragmental 
They  are  granulitic  gabbros  that  may  be  traced  step  by  step 
'  into  a  true  gabbro,  which  bas  all  the  characteristics  of  the 
great  gabbro  of  Minnesota,  and  which  is  entirely  different  from 
the  thin  beds  of  so-oalled  gabbro  that  are  interleaved  witli  the 
Animikie.  The  quartzytes  among  these  layers  are  not  frag- 
mental quartzytes,  and  hence  can  not  be  correlated  with  true 
fragmental  quartzytes  as  far  removed  from  them  as  those  of 
Pokegama  falls  or  the  falls  of  Prairie  river.*  The  writer 
would  place  them  and  their  contained  ores  with  the  gabbro 
groupt  of  Prof.  Winchell.  Even  should  the  quartz  layers  in- 
terstratified  with  the  granulitic  gabbros  be  regarded  as  re- 
crystallized  fragmental  beds,  they  would  not  have  the  same 
important  significance  as  would  be  the  case  were  they  truly  in- 
terstratifled  fragmentals,  for  they  would  owe  their  present  con 
dition  to  the  action  upon  them  of  a  later  eruptive — the  gabbro 
— and  thus  they  could  not  be  used  to  determine  the  age  of  this 
latter. 

SUMMARY. 

The  three  important  results  reached  largely  by  the  micro- 
scopic study  of  the  rocks  from  the  neighborhood  of  Akeley 
lake,  are  these: 

1.  Most  of  the  rocks  designated  as  Pewabic  quartzyte  in 
the  neighborhood  of  Akeley  lake  are  not  quartzytes,  but  they 
are  granulitic  phases  of  gabbro.  The  remainder  are  crystal- 
lized aggregates  of  quartz.  None  of  them  are  sedimentary  rocks, 
and  consequently  none  can  serve  to  determine  the  age  of  the 
ore  associated  with  them,  or  of  the  gabbro  in  which  they  occur. 

2.  On  the  other  hand,  the  granulitic  gabbros  may  be  traced 
into  true  granitac  gabbros,  and  into  quartzose  phases  of  granu- 
litic varieties.  Hence,  the  granulitic  beds  and  their  associated 
ores,  Eu:e  of  the  same  age  as  the  gabbro,  whose  structural  rela- 
tions to  the  younger  and  older  formations  must  be  appealed  to 
in  order  to  settle  the  question  of  age. 
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3,  Since  so  much  of  the  "Pewabic  quartzyte"  is  not 
quartzyte  in  any  sense  of  the  word,  and  since  different  beds 
that  have  be^n  given  this  name  are  not  aU  certainly  of  the  same 
age*,  it  is  evident  that  great  care  must  be  taken  in  the  use  of 
the  "Pewabic  quartzyte"  for  correlation  purposes.  Several 
different  rocks  have  been  included  under  this  one  title,  hence, 
the  "  Pewabic  quartzyte,"  as  defined,  cannot  be  relied  upon  as 
marking  a  definite  horizon  in  the  succession  of  the  geological 
formations  in  northeastern  Minnesota-f 
APPENDIX. 

Since  the  above  was  written,  the  attention  of  the  writer  has 
been  called  to  the  fact  that  the  first  and  second  of  the  above 
conclusions  are  practically  identical  with  those  reached  by  the 
Lake  Superior  Division  of  the  United  States  Geological  Survey 
several  years  ago.  In  1883  and  1884  Mr.  W.  M.  Chauvenet  ex- 
amined in  the  field  the  Akeley  lake  district  and  that  to  the 
westward.  Thin  sections  of  his  material  were  examined  by 
Prof.  C.  R.  Van  Hise  early  in  1885.  With  his  field  notes  as  a 
basis,  and  the  microscopical  results  of  Prof.  Van  Hise,  he  sub- 
mitted a  report  to  Prof.  Irving  from  which  the  following  ab- 
stracts are  condensed : 

Near  Little  Saganaga  lake  "An  outcrop  of  heavy  magnetitic 
iron  ore  rises  in  a  smooth  shoulder  between  wails  of  a  dis- 
tinctly bedded  rock  having  the  appearance  of  a  quartzyte,  but 
which  proves  under  the  microscope  to  be  an  olivine  gabbro' 
with  quartz  replacement.  *  ♦  •  The  silicified  gabbro 
shows  distinct  banding,  stained  with  iron  oxide  along  the  con- 
tact of  the  layers.  •  •  •  The  bed  of  magnetic  ore 
occurs,  therefore,  in  the  gabbro  formation. " 

The  Akeley  lake  section  is  fully  described.  "Along  the  ridge 
on  the  north  shore  of  Akeley  lake  a  number  of  trenches  were 
opened,  which  exposed  a  magnetic  ore  here  occurring  in  the 
gabbro.  The  occurrence  is  quite  similar  to  that  described  at 
Little  E 


'Some  Bie  Anlmlkle  as  determined  by  Frot.  Wlochcll,  while  nthen  are  of  the  same 
age  aa  tbegabbio,  vhlch  Is  regarded  hy  the  Ulnnesota  geologists  aa  Anlmlkle.  only 
because  ot  the  eupimsed  Interetratlflc&lloii  nltb  It  at  the  gr&nuUtlc  gabbroa.  which 
were  thought  to  be  Anlmlklequartzyte, 

tit  ts  possible  that  by  lnoludlng  under  tbe  Pew&bla  guattzyta  only  such  rocks  aa  are 
□ndoabtedly  f ragmen tal,  ae  tbe  quartzyte  east  of  UuuSlnt  lake  aud  those  along  the 
south  side  of  the  Hesabl  Bange,  a.  constant  horizon  may  be  established,  which 
win  be  of  great  service  In  determining  the  ages  of  overlying  and  underlying  beds. 
These  rocks,  however,  cannot  be  correlated  wltli  the  granulltlc  gabbros  of  the  Akeley 
lake  region  nor  their  ores  with  tbe  ores  In  the  latter.  It  la  this  point  upon  whlcb 
emphasis  Is  espealally  placed  In  (he  above  article. 
-15 
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Then  foUow  details  of  the  altemataons  of  ordinary  gabbro 
and  what  appears  to  be  bedded  qnartzyte,  after  which  it  is  said: 

'  "The  quartzytes  of  the  above  layers  all  appear  to  be  merely 
the  result  of  a  substitution  of  quartz  and  magnetite  for  the 
minerals  of  a  gabbro,  in  some  cases  for  an  olivine  gabbro. 
*  *  *  The  siUcified  gabbro  on  Akeley  lake,  with 
seams  of  magnetite,  have  been  traced  southwest  through  Sec- 
tions 25,  35,  34,  T.  65  N.,  R  5  W.,  to  Mitchigamme  lake." 

Finally  the  following  conclusion  is  drawn:  "It  is  evident 
from  a  study  of  the  rocks  at  Akeley  lake  that  the  iron  ore  here 
lies  wholly  in  the  gabbro  formation,  much  silici&ed  and  altered, 
and  not  in  the  Animikie." 

Mr.  W.  N.  Merriam,  in  1888,  made  farther  observations  on 
the  silicified  gabbro  belt  at  lake  Gobbemichigomog  and  vicin- 
ity. The  sections  obtained  from  the  material  collected  by  Mr, 
Merriam  were  examined  by  Prof.  Van  Hise  with  the  same  re- 
sults as  those  reached  in  the  case  of  the  Akeley  lake  rocks. 

It  thus  appears  that  the  Akeley  lake  silicified  gabbro  has  a 
considerable  east  and  west  extent  along  the  north  contact  of 
the  gabbro,  and  that  the  results  which  have  been  reached  from 
a  Btudy  of  the  specimens  collected  by  the  Minnesota  Survey 
are  in  accordance  with  those  made  by  others  in  an  independent 
study  of  which  the  writer  was  wholly  ignorant  untU  his  paper 
was  entirely  written. 
,      (Jolby  University,  Jan.  11,  1892. 


NOTB.— Tbe  seoond  foot  nal«  on  the  bottom  ot  p.  300.  eipiesslDK  tlia  msLn  point  ot 
dllTereQCB  between  the  oonoluslons  ot  Prot,  Bbllar  and  the  reporta  of  the  HianesotK 
BUivey.  19  the  U11I7  one  to  wblab  here  It  la  appropriate  to  c&U  attention  to.  Tne  minor 
VBrlBtlong  In  lltholoicio  dlHtlactlons,  irhen  not  due  to  Inaafflcleucr  ot  tbe  luppl;  o( 
material  In  Prof.  Ballet's  bands,  can  all  be  accounted  for  and  are  of  but  little  purjiort 
In  muBldBrlnx  tbBKeneral  succession  and  structural  relntlonaof  the  formatloos.  It 
I9  probable  that  when  Prof.  Bailey  has  seen  the  atructural  tacts  la  the  Sold  he  will 
modtty  his  ooDolusLona  respecting  tbe  oontlnutly  ot  the  Peirablc  quartiyte  from  tbe 
Akelej  lake  region  toward  the  southwest,  and  even  to  Fokegama  taJla. 

There  Is.  as  the  MIoneeota  reports  have  tolly  explained,  a  wundeitul  varlet;  of 
Ittbology  In  the  lower  part  o(  the  Anlmlkle  by  (hu  agonoy  of  cotemporary  eruptl^ 
»i:tlan.  The  "non-fragmeTital"  silica  Is  a  chemlcul  precipitate  In  the  early  Anlnilkle 
ocean.  At  distant  points  !t  Is  pure  silica.  In  rolled  grains.  At  points  near  tbe  eruptlnt 
oentere,  u  at  Akeley  lake.  It  has  not  only  not  acquired  the  roonded  "fragniBnUl 
coudltloni"  but  It  haa  been  crystrlUied  <n  tOu  by  the  healod  ernptlves,  and  bas  been 
mingled  with  tufaoeous.  eruptive  tragmental  elements.  When  this  nilituro  la  ro- 
orjstalllEed  it  has  a  remote  resemblance  to  an  eruptlre  rook.  But  It  la  at  ocaaalr 
Btiuoture,  outwardly  and  Internally,  and  cannot  be  aOIllated  corrootly  vlth  the  true 
emptive  gabbro. 

of  course  the  Intent  of  Prof.  Bailey's  paper  Is  to  establish  the  Idea  of  Prof.  Inlnt 
that  tbe  gabbro  flood  Is  later  than  the  Anlmlkle  rather  than  near  the  bottom  ot  It 
where  the  Ulnnesota  geologlsU  have  placed  it,  but  Its  purport  oODBroil  the  HlDnecota 
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NEW    LOWER    SILURIAN    LAMELLIBRANCHIATA, 
CHIEFLY  FROM  MINNESOTA  ROCKS. 


BY   E.    Q.    ULRICH. 

In  the  following  pages  I  endeavor  to  give  full  descriptions 
and,  it  is  hoped,  sufficient  illustrations  of  the  principal  and  gen- 
erally the  more  striking  of  the  new  Minnesota  forms  of  this 
class  that  have  been  brought  to  my  notice  since  1885.  Much  of 
Hie  material  now  described  I  owe  to  the  disinterested  kindness 
of  Prof.  C.  W.  Hall,  of  the  State  University,  and  to  the  imfaaling 
friendship  of  my  -  co-laborer,  Mr.  W.  H.  Scofield,  of  Cannon 
Falls.  The  last  sent  me  every  shell  and  cast  of  the  interior 
oonteined  in  his  extensive  private  cabinet.  Many  were  in  a 
good  state  of  preservation,  several  belonged  to  species  that  I 
had  not  before  Seen  (funong  them  the  remarkable  shell  from 
which  I  was  enabled  to  work  out  the  cha.racters  of  the  new  genus 
Plethocardia),  and  all  proved  of  matorial  aid  to  me  in  determin- 
ing the  essential  characters,  variations,  and  limits  of  the  spe- 
cies studied.  The  value  of  such  aid  may  be  better  appreciated 
when  I  state  that  the  Minnesota  Trenton  LameUibranchiata  are 
no  exception  to  a  rule  that  seems  to  prevail  nearly  every  where 
in  these  rocks,  namely,  that  in  most  cases  the  individuals  of  the 
species  are  anything  but  abundant.  Yet,  a  few  forms  have  been 
found  in  considerable  numbers,  and  my  observation  would  indi- 
cate that  the  majority  of  these  shells  are  more  or  less  grega- 
rious in  their  habits,  so  that  the  number  of  known  specimens  of 
a  species  n^y  at  any  time  be  greatly  augmented. 

In  the  Minnesota  Lower  Silurian  rocks,  excluding  the  beds 
beneath  the  top  of  the  St.  Fetor's  sandstone,  the  LameUibran- 
chiata are  confined  very  largely  to  six  horizons.  The  first  of 
these  is  in  the  upper  part  of  the  Trenton  limestone  in  which  the 
fossil  itself  is  almost  invariably  dissolved  away  so  as  to  leave 
good  moulds  of  both  the  exterior  and  interior  in  the  matrix. 
This  method  of  preservation  is  most  favorable,  since  with  the 
aid  of  gutte  percha  the  judicious  collector  may  study  the  most 
important  of  the  original  characters  of  the  shells  with  compara 
live  ease.    Individuals  of  Oifpricarditea  rotundus  Hall,  are  abnnd- 
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aut,  while  another  form  of  the  genus  near  0.  ventricosua  Hall, 
and  Mddiolop»l8  plana,  of  the  same  author,  are  not  iincommoiL 
The  ty3>es  of  Oypriaarditea  aardeeoni  and  C.  dbtusifrona,  of  this 
paper,  are  from  the  same,  bed,  as  are  several  other  forms  not 
yet  specifically  determined. 

The  second  horizon  is  jn  the  middle  third  or  "Bhinidictya 
beds"  of  the  Trenton  shales.  .It  has  afforded  l^odiolopsis similU, 
Orthodesma  minne«otenae,  Technophorus  extenuatus,  Tetlijiomya  nit- 
ida,  Oypricardites  cingulatus,  0.  glabellus,  0.  obtusifrons?,  WhUella 
compregsa,  and  W.  concerUrica,  all  described  by  the  author.  Sev- 
eral other  species  are  represented  in  my  collections  by  speci- 
mens too  illy  preserved  to  admit  of  a  satisfactory  determination 
of  their  af^nities. 

The  third  horizon  is  in  a  bed  that  I  place  near  the  top  of  the 
upper  third  of  the  Trenton  shales.  It  is  exposed  at  a  locality 
about  six  miles  south  of  Cannon  Falls,  Minn.,  where  it  is  over- 
laid by  the  Galena  shales.  It  is  the  most  interesting  horizon 
for  these  fossils  known  to  me  in  the  state.  Perhaps  it  is  a  local 
deposit,  at  any  rate,  none  of  the  Lamellibrauchiata  described 
by  me  from  this  locality  are  as  yet  known  in  the  same  position 
from  other  points.  An  incomplete  list  of  the  species  is  as  fol- 
lows: Tellinomya  mmpresaa,  T.  levata  (Hall),  T.  pkmodoraata. 
T.  piilchella  (Hall),  Lyrodesmli poatstriatum  (Emmons),  Modiolopsis 
concava,  M.  faba?  (Emmons),  JKatAeriaruposa,  Oypricardites  tenel- 
lU8,  G.  haynianusf  (Safford),  Whitella  acoileldi,  and  ^ethocardia 
umbonata.  All  of  these  species  are  preserved  with  the  shell, 
from  which  the  matrix  can  be  cleaned  with  unusual  ease. 

In  the  fourth  horizon,  a  bed  of  light  colored  shales  underly- 
ing the  Galena  limestone,  known  to  the  survey  as  the  Galena 
shales,  all  the  shells  of  this  class  are  preserved  as  casts  of  the 
interior.  These  are  sometimes  highly  satisfactory,  yet  too 
often  the  opposite  is  true.  Many  of  the  specimens  from  tbis 
horizon  therefore  remain  unclassified,  and  untU  better  material 
iMcomea  available  it  will  not  be  possible  to  give  a  full  list  of  the 
species.  At  least  two,  and  very  likely  three  species  of  Oypri- 
cardites, one  of  them  probably  O.  Tiaynianus  (SafFord).  can  be 
made  out,  besides  TeUtnomya  levata  (Hall),  T.  planodoraata. 
Modiolopsis  subelliptica,  Whitella  ti-u7icata.  and  Plet/uxardia  sube- 
recta.  There  is  also  an  elongate  Tellinomya  near  T.  nasuta  Hall, 
a  Modiolopsis  near  mytiloidea  Hall,  and  enough  of  other  distin- 
guishable forms  to  bring  the  totEkl  number  to  fifteen  or  more. 

The  fifth  horizon  is  a  layer  a  few  feet  thick  at  the  base  of  the 
Galena  limestone  that  I  have  named  the  "Platystrophia  beds" 
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in  an  unpublished  section  of  the  Lower  Silurian  rocks  of  Min- 
nesota. From  this  bed  I  have  seen  Oypricarditea  tendlua,  G. 
'nanus?,  Tellinomya  aatartiformU  (Salter),  T.  intermedia,  Cleido- 
phor^s  consuetus,  and  several  undetermined  forms. 

The  sixth  horizon  occurs  in  the  Hudson  river  irroup  at  Spring 
Valley  and  other  points  in  the  southern  part  of  the  state.  This 
formation  is  very  thin  in  Minnesota,  and  the  part  represented 
is  equivalent  to  the  upper  beds  of  the  group  as  developed  in 
Ohio  and  Indiana.  Fossils  are  exceedingly  plentiful  in  ^me  of 
the  layers,  but  consist  chiefly  of  Brachiopoda.  As  a  rule  the 
Lamellibranchiata  have  suffered  through  compression,  but  a  good 
proportion  are  in  an  excellent  state  of  preservation.  Among  them 
I  have  recognized  Ambonyckia  casei  Meek  and  Worthen,  Whitella 
dbliqua,  Lyrodeama  major  (described  originally  by  me  as  Cleido- 
phorva  vK^or),  Tellinomya  recurva,  and  T.  similis,  all  species  oc- 
curring also  in  Ohio.  The  Ouneamya  gulcodoraata  is,  so  far  as 
is  now  known,  restricted  to  this  locality.  Among  the  undeter- 
mined forms  there  is  a  Modiolop»is  near  pholadiformia  (Hall), 
another  near  M.  concentrica  (Hall  and  Whitfield),  one  or  two 
species  of  Orthodesma.  and  a  Tellinomya  near  iphigenia  of  Billings. 

Respecting  the  classification  of  Silurian  Lamellibranchiata, 
it  may  be  well  to  state  that  with  the  progress  of  our  studies  we 
have  now  arrived  at  a  pointwherewecanappreciafethe  hetero- 
geneous character  of  the  numerous  forms  grouped  under  the 
generic  names  Slodiolopsis,  and  Oypricarditea,  and  in  a  less  de- 
gree PteriTiea,  Ambonychia,  Tellinomya,  Cleidophorua,  and  Ortho- 
deema.  I  realize  fully  the  inadequacy  of  the  present  grouping 
of  the  species,  yet  follow  in  the  same  tracks  because  I  fail  to 
see  any  remedy  giving  both  rapid  and  permanent  relief.  Now 
and  then  a  sharply  distinguishable,  because  essentially  Silurian, 
generic  type  may  be  encountered,  but  many  others  are  indicated 
which  it  would  be  unwise  to  separate  before  being  closely  com- 
pared with  the  wealth  of  Devonian  and  Carboniferous  forma 
now  known.  But  that  involved  more  time  and  labor  than  I 
found  myself  able  to  devote  to  the  subject,  aad  rather  than  in- 
crease the  difBculties  of  revision,  which  miist  be  undertaken 
sooner  or  later,  I  have,  perhaps  unwisely,  allowed  many  species 
that  were  determined  over  ten  years  ago  to  be  new  to  science, 
to  lie  unpublished  in  my  cabinet.  After  fully  considering  the 
matter,  it  now  appears  to  me  that  an  incomplete  knowledge  of 
our  fossil  Lamellibranchiata  is  better  than  none  at  all,  since  the 
necessity  for  work  in  the  branch  will  become  all  the  more  evi- 
dent to  students.    It  was  therefore  largely  in  the  hope  of  entic- 
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ing  other  energies  to  the  field  that  I  began  a  series  of  publica- 
tions on  the  subject  in  the  American  Geologist.  The  first  of 
these  appeared  in  the  May  number,  the  second  in  the  Septem- 
ber, and  the  third  in  the  December  number  of  that  journal, 
during  1890.  It  was  my  intention  to  continae  the  papers 
through  the  two  volumes  for  1891,  but  illness  prevented.  Among 
the  contemplated  papers,  one  or  more  which  I  hope  to  publish 
during  the  present  year,  is  one  on  species  of  T^inomya  and 
Lyrodesma,  a  second  on  ClfidophoruH,  Oycloconcba,  and  Matheria, 
a  third  on  Ortkodesma  and  related  genera,  a  fourth  on  Cuneamj/a, 
and  a  fifth  on  ATnbonychia  and  PteriTiea.  When  these  are  pub- 
lished, and  the  results  added  to  the  present  paper  and  the  pre 
vious  publications  by  Hall,  Miller,  Meek,  and  others,  the  Lower 
Silurian  Lamellibranchiata  will  have  arrived  at  a  promising 
st^ge  for  good  classificatory  or  monographical  treatment. 
Whether  or  not  I  shall  extend  my  work  on  them  beyond  that 
stage  depends  upon  circumstances  and  the  success  of  my  en- 
deavors to  induce  some  one  of  our  young  paleontolo^ts  to  take 
np  the  group  as  his  specialty. 

Two  disputed  points  of  nomenclature  came  up  during  the 
preparation  of  the  present  paper.  The  first  pertains  to  the 
claims  for  recognition  of  Clenodonta,  Salter,  as  opposed  to 
Tellinomya,  of  Hall.  The  latter  name  has  priority,  but  Hall's 
original  description  is  so  faulty  that  no  blame  can  attach  to 
Salter  for  failing  to  recognize  the  genus.  Clenodonta,  on  the 
otb^r  hand,  was  established  in  a  manner  so  satisfactory  that 
no  marked  improvement  on  his'  diagnosis  has  since  been  at- 
tempted. Salter's  name  was  adopted  by  BUlings  and  Safford 
in  this  country,  and  it  is  now  quite  generally  used  in  Europe. 
Hall's  name  however  is  used  by  most  American  authors.  My 
own  views  on  the  points  at  issue  are  undecided,  and  I  wish  it 
to  be  understood  that  the  adoption  of  Tellinomya  in  the  follow- 
ing pages  is  not  to  be  considered  as  final,  but  rather  as  pro- 
visionf^  and  in  deference  to  the  views  of  friends  and  the  claims 
of  the  venerable  author  of  the  name. 

The  second  point,  relating  to  Cyprioarditea  of  Conrad  and 
Gyrtodonta,  of  Billings,  brings  up  questions  equally  difficult  to 
decide.  1  shall  not  here  enter  upon  a  discussion  of  the  claims 
so  ably  upheld  by  Hall  on  the  one  side,  and  Billings  on  the 
other,  and  my  adoption  of  Oypricarditee  is  to  be  considered  as 
no  more  final  than  in  the  case  of  Tellinomya  versus  Ctenodonta. 

The  thirty  two  cuts  which  illustrate  the  species  described  in 
this  paper  have  been  reproduced  from  my  own  drawings.    In 
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every  case  the  Sgures  have  been  drawn  with  great  care,  and 
may  be  relied  upon  as  representing  the  characters  of  the  spe- 
cies so  far  as  they  are  known  to  me. 

In  describing  the  rostral  portion  of  the  shells  it  will  be 
noticed  that  I  have,  contrary  to  common  usage,  often  drawn  a 
slight  distinction  between  the  terms  beaks  and  umbonea.  To 
meet  the  want  of  some  term  to  indicate  that  portion  of  the 
beak  which  is  visible  in  a  side  view,  I  call  it  the  umbone,  while 
the  application  of  the  term  beak  was  restricted  to  the  incurved 
extremity  that  in  most  cases  is  visible  only  in  a  dorsal  or 
anterior  view. 


TELLINOHTA  NITIDA,  n.  ap. 


Fid.  1.  TdtlTUnnvliHRfta.  n.  sp.  a.  b  and  «.  left  side,  CBEdlnHl.  and  posterior  views 
xS.otaHmallspeclmenreinlnlngibeshelli  il,nBtiit&lalie  view  of  aame;  cleft  aide  of 
a  large  and  yerj  perfect  cast  of  the  Interior,  uat.  slie;  /,  oaralual  view  of  satae,  x2  to 
show  the  muscular  scan. 

Shell  small,  thin,  moderately  ventricose,  snbtriangnlar,  the 
autero-cardinal  region  somewhat  alated;  umbones  full,  beaks 
closely  incurved.  Posterior  extremity  oblique,  rather  ab- 
ruptly truncated,  flattened,  nearly  straight,  pinched  and  pro- 
jecting slightly  beyond  the  convex  part  of  the  shell  in  the 
upper  half,  and  narrowly  rounded  below.  Ventral  margin 
gently  convex,  usually  curving  rather  sharply  upward  at  the 
ends.  Anterior  end  wide,  rounded  and  most  prominent  in  the 
lower  half,  straightened  above,  the  junction  with  the  hinge-line 
subangular.  Surface,  excepting  a  few  indistinct  lines  of 
growth,  smooth. 

Casts  of  the  interior  have  strongly  projecting  beaks.  The 
internal  characters  of  the  shell,  so  far  as  they  can  be  made  out 
from  these  casts,  are  as  follows:  Hinge  line  very  slightly  ar- 
cuate, with  eight  or  nine  strong  teeth  behind  the  beaks,  and 
an  undetermined  number  of  smaller  ones  in  front.     Anterior 
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sQd  posterior  muscular  impressions  subequal,  distinct,  the 
posterior  ones  drawn  out  along  the  hinge  margins.  Above  the 
anterior  pair  there  is  another  much  smaller  elohgated  pair, 
lying  close  to  the  hinge.  These  features  are  all  shown  in  fig. 
/  of  the  above  cut. 

This  species  evidently  belongs  to  the  group  of  species  of 
which  T.  levata  Hall  is  a  type,  but  its  posterior  end  is  shorter 
and  more  abruptly  truncated,  agreeing  in  that  respect  more 
closely  with  T.  abrupta  (Ctenodonta  afrrupta Billings).  The  lat- 
ter however  is  a  more  ventricose  and  longer  shell,  and  not  as 
wide  anteriorly. 

FiirmaUon  and  loealav:— Good  speolmens  ot  this  species  witli  the  shell  sre  exceed- 
iDKly  rikTe,  but  casts  ot  the  Interior  are  oommoa  la  the  middle  third  ot  the  Treaun 
shales,  ot  Hlnnespolls,  Fountalu  iind  other  looalitles  In  the  state  ot  UIddbsoh. 

TELLINOHTA  C0HFBG88A,  n.  sp. 


Shell  small,  erect,  the  height  greater  than  the  length,  subtri- 
angular,  compressed,  thin;  beaks  small,  almost  acuminate, 
moderately  incurved;  umbones  rather  flat,  the  convex  part  of 
the  shell  terminating  somewhat  abruptly  along  the  anterior 
and  posterior  cardinal  margins.  In  the  outline,  these  two  mar- 
gins, meeting  at  the  beaks,  form  an  angle  of  about  65  degrees, 
with  the  anterior  gently  convex  and  the  posterior  correspond- 
ingly concave.  Aside  from  this  difference  in  the  curvature  of 
the  upper  parts  the  ends  are  subequal,  and  round  uniformly 
into  the  strongly  convex  ventral  edge.  Surface  with  faint 
lines  of  growth,  and  exceedingly  fine,  crowded,  concentric 
atrise,  six  to  eight  in  one  mm. 

Hinge  line  bent  at  a  right  angle,  with  about  twenty  teeth, 
the  central  ones  very  small,  those  on  each  side  larger  and  bent 
Muscular  impressions  not  observed. 

This  species  forms  one  extreme  and  T.  pectuncukndes  Hall, 
the  other,  of  a  group  of  at  least  ten  species  of  which  T.  astarti- 
fwmiB  Salter,  may  be  taken  as  the  type.  They  are  all  much 
shorter  tluin  the  species  of  the  typical  section  of  the  genus. 
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Compared  with  related  species  T.  alta  Hall,  is  more  erect,  more 

ventricose,  with  the  venb^l  margin  less  convex,  and  a  thicker 

shell.     T.  aatartiformis  is  near  but  differs  in  being  more  ventri- 

cose,  more  coarsely  striated,  and  in  having  more  obtuse  beak's. 

Salter's  species,   excepting  that  it  is  more  ventricose  than 

either,  is  in  all  other  respects  very  nearly  intermediate  between 

T.  compressa  and  T.  intermedia. 

FonaMimx  and  bxaHtv.—ln  th«  upper  third  of  the  Trenton  shalM.  bIji  miles  south  ot 
OannoD  PaUs,  axanmota..  It  iaheie  aBaoelated  with  T.  UmOat  Bftll.  T.  pulehtOa  Hall. 
J/lTodamapoalrtrbieuni  Emmons,  AfodMojwfl  concaeo,  n.  ap.  and  a  foaa[l  ver;  much  like 
aaitertaa  bOHngU  Safford. 

TELLINOMTi.  FLANOBOBSATA,  n.  sp. 


Fio.  3.  TtUtnonya  jibmodonata,  □.  sp..  a.  b.  and  t,  lett  side,  posterior,  and  dorsal 
views  of  the  DSBTly  perfect  type  specimen  of  this  ipecleB.  nat.  alze;  0.  Beotlonal  view 
ot  same,  with  the  posterior  dorsal  side  at  the  top  of  the  flRure. 

Shell  small,  depressed  convex,  subtriangular  or  trapezoidal, 
the  width  and  length  respectively  as  ten  is  to  fourteen;  betvks 
small,  incurved,  scarcely  projecting  above  the  hinge,  and  situ- 
ated about  one  third  of  the  entire  length  from  the  anterior 
extremity.  Posterior  end  long,  subtiiangular  in  outline,  with 
the  extremity  subacute,  and  the  dorsal  side  almost  straight 
(faintly  convex)  from  the  beaks  backward;  ventral  margin 
broadly  rounded,  anterior  edge  more  strongly  convex.  Pos- 
tero-cardinal  side  thick,  with  a  large,  sharply  defined,  and 
slightly  concave  lunette,  reaching  from  the  beaks  to  near  the 
posterior  extremity  of  the  shell.  Surface  gently  convex, 
scarcely  sloping  toward  the  lunette,  marked  with  exceedingly 
fine  strisa  and  a  few  stronger  lines  of  growth. 

Interior  unknown,  unless  a  cast  of  the  interior  from  the 
overlying  Galena  shales  belongs  to  this  species.  This  cast 
which  was  formed  by  a  shell  of  scarcely  three  fifths  the  length 
of  the  type  specimen,  agrees  in  most  respects,  only  the  beaks 
project  considerably  above  the  hinge  line,causing  the  posterior 
cardinal  line  to  be  concave  instead  of  straight  or  slightly 
convex.     SiJU,  we  must  remember  that  it  is  the  inner  or  lower 
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side  of  the  hinge  plate  ihat  is  represented  in  the  internal  cast, 
and  as  this  is  always  thicker  in  these  shells  than  tiie  shell  sub- 
stance at  the  head  of  the  beaks,  it  is  to  be  expected  tiiat  the 
latter  'would  be  more  prominent  in  the  casts  than  in  the  shell 
itself.  The  cast  in  question  is  considerably  like  those  of 
T.  levata  Hall,  differing  mainly  in  being  a  little  longer,  less 
ventricose,  with  the  back  flatter,  and  in  having  the  muscnlEur 
scars  much  less  distinct.  Indeed,  the  latter  are  so  faint  that 
their  shapes  cannot  be  made  out  with  certainty — a  condition, 
again,  to  be  expected  in  a  species  that  evidently  depended 
chiefly  upon  the  large  size  and  strength  of  the  external  liga- 
ment to  keep  its  valves  in  position. 

Taking  the  shell  itself,  I  know  of  no  species  with  which  it 
might  be  confounded. 

^irtiuiUan  and  loeoUtv.'-  Same  as  Uie  preceding. 

TELLINOMYA  INTEBMEBIA,  a.  gp. 


Pm.  4.    Ttmnanva  tatcnMMa,  n.  sp.  a.  and  b,  right  and  porterlor  vlewB  of  an  avsr- 

Se  example  of  tfali  spealea.  nat.  bIu;  a,  eaat  at  Uib  Inleaior  of  a  laftvalTe,  naL  nie. 
□wlug  nmwalaT  KiBr*.  ImptvHlona  of  hinge  t<«th,  andobtnMlj  ridged  dianfteroi 
the  anteio.-oardlnal  region. 

Shell  thin,  of'  medium  size,  moderately  ventricose,  rather 
erect,  the  height  a  little  greater  than  the  length.  Outline  sub- 
triangular,  at  the  beaks,  which  are  obtusely  acuminate  and 
incurved,  forming  very  nearly  a  right  angle;  anterior  cardinal 
'  margin  very  gently  convex,  posterior  cardinal  edge  corres- 
pondingly concave,  ventral  margin  together  with  the  curve 
into  the  ends  forming  a  semicircle.  Snds  sub-equal,  the  pos- 
terior sometimes  a  little  the  longest  (see  flg.  4  c).  Umbones 
full,  the  remainder  of  the  surface  sloping  uniformly  to  the  free 
margins.  An  obscure  sulcus  may  be  detected  near  the  anterior 
margin,  and  along  the  dorsal  part  of  this  end  the  surface 
descends  abruptly  to  the  hinge  plane.  Surface  with  strong, 
closely  arranged,  thread-like,  concentric  lines,  about  twelve  in 
S  mm.  At  intervals  of  about  two  or  three  mm.  generally 
a  fold  stronger  than  the  rest. 

Casts  of  the  interior  exhibit  a  faint  ridge  and  sulcus  in  the 
anterior  end,  two  sharply  defined  muscidar .  scars  and  pallial 
line  in  each  valve,  and  above  the  posterior  pair  a  much  smaller 
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pair  of  scars  sitnated  close  to  the  hinge.  Hinge  plate  rather 
narrow,  the  teeth  numerous,  over  liiirty,  as  usual  very  small 
centrafly,  growing  larger  gradually  toward  the  ends  of  the 
hinge. 

This  species  is  associated  with  and  closely  related  to 
T.  astartiformia,  described  by  Salter  from  the  Black  River  and 
Trenton  limestones  of  Canada,  but  is  a  less  ventricose  shell, 
with  coarser  striae,  and  more  rounded  ends  and  ventral  margin. 
T.  compreaaa,  occupying  a  lower  horizon,  is  more  compressed, 
higher,  has  sharper  beaks,  and  much  finer  strisa.  Both  T. 
gubrotunda  and  T.  (?)  Tiamburgensis  Walcott  (Mon.  U.  S.  Gieol. 
Sur,,  vol.  8,  p.  76)  have  a  more  rounded  outline. 

A  very  similar  but  smaller  and  clearly  distinct  species, 
differing  chiefly  in  the*  crenolation  of  the  hinge,  occurs  in  the 
TTtica  horizon  of  the  Cincinnati  group,  at  Covington,  Kentucky. 


TELLINOSTA  SUBBOTUNDA,  s.  Bp. 


eitetaiil  and  inlarDail,  of  a  veU 


Shell  of  medium  size,  comparatively  thick,  compressed, 
nearly  circular  in  outline,  with  the  baalcs  small,  prominent, 
rather  acuminate,  curving  inward  and  posteriorly.  Posterior 
dorsal  line  straight  except  just  beneath  the  bealcs  where  it  is 
concave.  Anterior  dorsal  margin  gently  convex,  rounding 
gradually  into  the  general  outline.  Umbones  small,  the  sur-  - 
face  almost  uniformly  depressed-convex.  At  intervals  of  from 
two  to  three  mm.,  the  surface  presents  strong,  lamellose  lines  ' 
of  growth,  and  between  these  much  finer  concentric  lines, 
about  six  in  two  mm. 

Interior  with    subequal,  ovate,   moderately  impressed,  an- 
terior and  posterior  muscular  scars.     Hinge  plate  strong,  beat 
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at  a  little  more  than  a  right  angle,  with  nameroos  (abont 
thirty-five)  small  teeth,  as  usual  strongest  near  the  extremities 
of  the  hinge. 

This  species  is  more  rounded  and  less  ventricose  tiian  T.  in- 
termedia, is  more  rounded  and  evenly  convex  than  T.  compreaaa, 
and  has  more  prominent  beaks  and  more  abruptly  bent  hinge 
than  T.  pectuTKukHdes  Hall.  A  species  intermediate  in  charac- 
ter between  the  last  and  the  present  form,  and  the  nearest  rel- 
ative ot  T.  subrotuTida  known  to  me,  occurs  in  the  upper  beds 
of  the  Cincinnati  group  at  several  localities  in  Ohio. 

FormaUen  and  EmoIKu;— Bue  ot  the  Trenton  Umestonea,  Hercer  couatr.  Eeatnokr. 
It  Is jKUBJble  that  certain  III7  preserved  oasts  ot  the  loterlar,  from  the  upper  part  ot 
the  Trenton  shales,  ne&r  Cannon  Falls,  Ulnnesola,  ma;  belong  to  thlsBpeoleB. 

TELLINOMYA  8I1IILI9,  n.  sp. 


&     © 


Shell  small  to  medium  size,  moderately  ventricose,  subtri- 
angular,  the  length  and  height  respectively  as  five  is  to  six. 
Umbones  full,  rounded,  the  rostral  portion  strongly  recurved, 
with  the  beaks  small,  and  projecting  slightly  above  the  hinge. 
Antero-dorsal  edge  convex,  thick,  flattened,  but  not  sharply 
defined.  Postero-dorsal  edge  rather  strongly  concave,  im- 
pressed so  as  to  form  an  illy  defined,  imperfect  lunette.  An- 
terior side  almost  uniformly  convex,  curving  neatly  into  the 
well  rounded  ventral  margin.  Posterior  side  rather  narrowly 
rounded  and  slightly  produced  in  the  lower  half.  Surface 
almost  uniformly  convex,  highest  a  little  above  the  center, 
generally  with  a  few  well-marked  varices  of  growth,  and  with 
finer  concentric  lines  in  the  lower  part.  Hinge  plate  of  moder- 
ate strength,  with  numerous  small  teeth  (thirty-five  to  forty- 
two),  in  the  largest  example  seen  with  about  twenty -seven  an- 
terior and  fifteen  posterior  to  the  beak.  Posterior  teeth  the 
largest,  bent.    Muscular  scars  faintly  impressed. 
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The  shape  of  this  species  is  exceedingly  like  that  of  T.  astar- 
tiformis  Salter,  of  the  Black  River  and  Trenton  limestones,  but 
it  is  not  so  ventricose.  If  the  hinge  of  that  species  is  correctly 
represented  in  Salter's'  figures,  the  form  under  consideration 
,  must  be  regarded  as  specifically  distinct,  since  it  has  smaller, 
less  bent  and  more  numeroas  teeth.  According  to  Salter  the 
teeth  of  T.  ostaTttfarmiB  are  largest  on  the  anterior  side,  while 
in  T.  similia  the  opposite  is  the  case. 

It  is  also  very  much  like  its  associate,  T.  recurva,  but  is  dis- 
tinguished by  being  a,  little  higher,  more  uniformly  rounded  on 
the  anterior  side,  and  without  the  anterior  sulcus.  More  im- 
portant differences  are  the  greater  tumidity  of  the  umbones, 
less  prominent  beaks,  scarcely  defined  posterior  lunette,  and 
less  strong  hinge  plate.  Caste  of  the  interior  are  separated 
chiefly  by  the  greater  thickness  of  the  rostral  portion.  They 
are  also  nearly  always  of  smaller  size  than  those  of  T.  rdcurva. 

r  bed*  ot  tbe  Hudson  River  group,  Spring  Vsllay. 

TELLINOaVA  BECURTA,  B.  sp. 


Pig.  T.  TMtnomya  nearva,  n,  ap.  n  and  b,  extornal  and  Internal  viewa  ot  j 

nat.  size:  C  hinge  o(  same.  tS;  d,  nwt«rter  view  otaame-,  e,  another  leCt  valvo,  nat. 
Biie,  DtaODoewluildlffereiiC  ahapo.    Specimens  from  Spring  Valler,  Ulnn. 

Shell  small  or  of  medium  size,  not  thick,  rather  compressed,  * 
snbtriangular,  the  length  and  height  almost  equal.  Rostral 
portion  strongly  recurved,  umbones-  small,  depressed,  beaks 
very  prominent,  posterior  to  the  center  of  the  shell.  Dorsal 
slopes  flattened,  sharply  defined,  with  the  ridges  projecting 
beyond  or  overhanging  the  edge  ot  the  hinge  plate.  This  is 
true  especially  of  the  posterior  side,  where  they  form  an  elon- 
gated lunette.  Anterior  dorsal  margin  more  strongly  convex 
than  in  any  other  species  known;  posterior  dorsal  margin  cor- 
respondingly concave.  Outline,  with  the  anterior  side  rather 
sharply  rounded  in  the  lower  half,  the  ventral  margin  sloping 
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backward  and  most  prominent  a  little  behind  the  center,  then 
curving  upward  to  meet  the  concave  posterior  side  at  a  point 
very  nearly  opposite  the  middle  of  the  height  of  the  shell 
Posterior  end  rather  narrowly  rounded,  most  prominent  just 
beneath  the  center.  Surface  with  several  strong  growl^  lines, 
and  between  them  fine  concentric  strife,  about  ten  in  three  mm. 
An  obscure  sulcus  extends  from  the  beak  along  the  anterior 
margin  to  the  antero-ventral  region.  Hinge  plate  very 
strong,  bent  at  a  right  angle,  the  posterior  half  stnught, 
with  at  least  twenty  small  teeth,  decreasing  in  siee  gradually 
toward  the  beak;  anterior  half  gently  convex,  with  about  thirty 
teeth.  Considering  the  unusual  strength  of  the  hinge  plate,  the 
teeth  are  very  small.  Anterior  and  posterior  muscular  scars 
large,  moderately  impressed. 

Compared  with  other  species  the  nearest  appear  to  be  T. 
aatartiformis  Salter,  and  T.  compressa,  and  T.  simiiis  of  the 
present  paper.  From  the  first  it  is  distingtiished  by  being  less 
ventricose,  in  the  flattening  of  the  dorsal  edges,  and  in  the 
greater  number  and  smaller  size  of  the  hinge-teeth.  The  sec- 
ond is  more  compressed,  and  has  more  erect  beaks,  finer  sur- 
face striae,  and  fewer  hinge  teeth.  The  third  is  without  the 
anterior  sulcus,  has  no  sharply  defined  posterior  lunette,  is 
higher,  generally  of  smaller  size,  and  has  the  umbones  more 
tumid,  with  the  point  of  greatest  convexity  above  the  center. 

Formation  and  IwoUtv;— Upper  beda  of  the  Budson  Blver  Rronp.  SorlliK  Valley.  UId- 
ntsota.  It  la  here  associated  vltb  T.  aimiUt.  T.  near  tphipttSa  BllllngH,  IjuroOama 
nMar  Ulrlch,  and  an  abundaDoe  ol  BrachlopodB.  CrbIs  of  the  Interior,  apparenUy 
referable  to  this  species,  occur  la  equivalent  beds  at  Oilord,  Waynesvlue,  aod  oUier 

lOCalltleH  In  Ohio. 

TECUNOPUOBOrs  (t)  EXTENUATU8,  n.  gp. 


Fig.  8,  Teelmophonaditxtmuaba.n.s'e.  Lett  side  of.the  only  example,  a  nearly  per- 
fect cii»t  of  the  Interior,  seen.  nat.  size. 

Shell  small,  compressed,  elongate,  alated  and  dtawn  out 
posteriorly.  Beaks  small,  erect,  moderately  prominent,  situ- 
ated about  one-fourth  of  the  entire  length  from  the  anterior 
extremity.  Just  in  front  of  the  i>eaks  the  casts  of  the  interior 
exhibit  a  deep  though  not  very  long  impression.  Anterior  end 
broad,  rounded,  most  prominent  in  the  upper  third ;  ventral 
margin  broadly  convex  and  slightly  produced  a  little  in  front 
of  the  middle  ;  behind  this  point  the  outline  is  nearly  str^ht 
(slightly  concave)  sloping  up  toward  the  narrow  (P  pointed) 
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posterior  extremity.  Cardinal  line  nearly  as  long  as  the  entire 
shell,  gently  concave  behind  the  beaks.  A  thin,  sharply  de- 
fined ridge,  slightly  curved,  extends  across  each  valve  from 
the  beak  to  the  lower  side  of  the  posterior  end.  Surface  gently 
convex  in  the  anterior  half,  marked  with  obscure  concentric 
lines  of  growth. 

Length  about  21  mm.,  greatest  height  10  mm.,  greatest  con- 
vexity about  3. 5  mm. 

This  is  a  peculiar  shell,  and  "it  ia  with  considerable  doubt 
that  I  refer  it  to  the  recently  proposed  genus  Technophorus, 
Miller  (North  Amer.  G«oJ.  and  Pal.,  p.  514,  1890).  I  do  so  be- 
cause in  another  undoubted  species  of  the  genus  in  tny  posses- 
sion the  posterior  extremity  of  the  hinge  is  drawn  out  in  a' 
manner  similar  to  what  we  see  in  the  present  shell.  The  pro- 
longation however  is  much  less  extensive  in  the  undescribed 
species.  Both  the  latter  and  Miller's  type  of  the  genus  {loc. 
cit. )  have  two  posterior  ridges  crossing  each  valve,  and  in  both 
again  the  hinge  line  is  straight. 

The  Cincinnati  species  which  I  called  Nuculites  yoldiaformia 
(Jour.  CLn.  Soc.  Nat.  Hist.,  vol.  2,  p.  24,  1879),  is  probably  a 
related  form. .  As  it  is  clearly  not  a  true  Nuaulitee  and  seem- 
ingly without  any  near  relations  to  any  established  genus,  it 
might  be  well  to  erect  a  new  genus  tor  their  reception. 


CLEIDOPHOBUS  CONSUETUS,  n.  sp. 


Fig.  S.  Clddooftorui  eontuehu.  a.  sp.  a,  out  of  a  right  valve  of  thta  ipeoles,  xS;  b,  swne 
ol  Uie  natural  Hlze. 

Shell  above  the  medium  size  for  the  genus,  transverse,  mod- 
erately elongate,  ovate,  rather  strongly  convex,  the  length 
equaling  nearly  twice  the  height.     Beaks  small,  incurved,  fiat- 
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tened.  Dorsal  line  convex,  sloping  downward  behind  the  beaks 
-  to  the  narrowly  rounded  posterior  extremity.  Anterior  end 
neatly  rounded,  wider  than  the  posterior.  Ventral  mar^a 
gently  conveS  in  the  middle,  more  strongly  and  almost  equally 
curved  at  the  ends.  An  obscure  umbonal  ridge  traceable  from 
the  beaks  three  fourths  of  the  distance  to  the  posterior  basal 
edge.  Above  it  an  impressed  narrow  line,  beyond  which  the 
surface  descends  rapidly  to  the  dorsal  margin.  Casts  of  the 
interior  with  a  narrow,  slightly  curved,  clavicular  impression 
just  in  front  of  beaks,  extending  but  little  more  than  one  third 
of  the  distance  to  the  antero-basal  margin.  Surface  of  casts 
with  a  few  obscure  growth  lines  or  folds.  Point  of  greatest 
'  convexity  a  little  above  and  behind  the  center  of  the  shell.  In 
a  dorsal  view  the  central  half  of  the  outline  is  very  slightly 
flattened. 

Length  17.2  mm.,  height  9.0  mm.,  thickness  of  both  valves 
5.8  mm. 

This  shell  appears  to  be  related  to  C.  caneaius  and  (7.  etonga- 
tu8,  described  by  Hall  from  the  Silurian  rocks  of  Nova  Scotia 
(Can.  Nat.  and  G«ol.,  vol.  B,  pp.  148  and  150,  1860).  It  is  how- 
ever specifically  distinct,  the  shape  being  different  and  the  pos- 
terior sinus  situate  higher  up  and  very  much  less  defined.  C. 
planttlatua  (Conrad)  and  G.  ellipUcus  Ulrich,  also  have  some- 
what different  outlines,  and  have  the  cardinal  slopes  less  abrupt, 
the  whole  surface  in  those  species  being  more  uniformly  and 
less  convex. 


HODIOL0P8IS  PLANA,  Hal). 

ModtoUypeit  jAanur  BAUf  1961.    Keport  BuperlDlfindeiit  OeoL  Sur.  Wis.,  p. »).    Geol, 
Wis.  voL  r,  pp,  as  and  438,  Hg.  fl. 


o 


The  above  cut  represents  an  internal  cast  of  the  left  Valve  of 
a  shell  that  occurs  rather  rarely  in  the  upper  beds  of  the  Tren- 
ton limestones  at  Minneapolis  and  other  localities  in  the  state. 
There  can  be  no  question  of  the  identity  of  this  Minnesota 
form  with  the  Wisconsin  types  of  the  ModMopsis  plana  Hall. 
The  latter  seem  to  have  been  smaller,  being  said  to  be  about 
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three- fourths  of  an  inch  in  length,  but  in  all  essential  respects, 
our  specimens  agree  sufBclently  well  with  Hall's  description  and 
figure. 

Among  the  most  important  features  of  the  species  is  the 
elongate  form  and  duplex  character  of  the  strongly  im- 
pressed anterior  muscular  scar,  ■  the  alate  character  of  the 
postero-cardinal  region,  the  length  and  straightness  uf  the 
hinge  line,  and  the  wide  truncated  posterior  end.  The  hinge 
.also  seems  to  have  been  unusually  strong.  In  most  of  these 
respects  the  species  approaches  M.  truncata  Hall,  of  the  Cin- 
cinnati group,  more  or  less  nearly. 

These  two  species,  together  with  several  others,  stand  apai*t 
from  the  typical  section  of  the  genus,  and  should  perhaps  be 
separated  under  another  generic  name.  But  the  whole  genus 
Modiolopsis  needs  revision,  and  when  this  is  done  it  will,  I  am 
satisfied,  be  found  necessary  to  institute  several  subdivisions. 

HODI0LOP8I8  8IHILIS,  n.  sp. 


Shell  of  medium  size,  elongate,  ovate,  widest  in  the  poster- 
ior half,  contracting  to  between  one  half  and  three  fifths  of  the 
greatest  width  at  the  beaks.  Hinge  line  nearly  straight  and 
about  half  as  long  as  the  shell  posterior  to  the  beaks.  Anter- 
ior end  small,  neatly  rounded;  ventral  margin  nearly  straight 
in  the  middle,  curving  up  at  the  ends;  posterior  end  broadly 
rounded,  slightly  produced  in  the  lower  half,  sometimes  form- 
ing an  obtusely  angular  junction  with  the  hinge  line.  Beaks 
nearly  terminal,  rather  small,  compressed,  incurved,  projecting 
moderately  above  the  hinge.  Surface  moderately  convex, 
most  prominent  along  the  posterior  umbonal  ridge,  which  is 
stronger  than  usual  in  species  of  this  genus.  Cardinal  slope 
concave.  A  broad  and  comparatively  well  defined,  mesial  de- 
pression extends  obliquely  across  the  shell  from  the  beak  and, 
expanding,  causes  the  straightening  of  the  ventral  margin. 
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Shell  very  thin/so  that  the  muscular  scars  are  scarcely  visi- 
ble in  tibe  casts.  Surface  with  Dumerous  fine  concentric  lines, 
and  some  stronger  varices  of  growth. 

Of  all  the  described  species  of  this  genus  known  to  me  M. 
concentrica  Hall  and  Whitfield,  from  the  upper  beds  of  the 
Oincinnati  group,  seems  to  be  nearest.  Excepting  Qiat  the 
Minnesota  shell  is  wider  posteriorly. ,  the  two  species  agree 
very  nearly  in  their  outlines.  In  other  respects  however  they 
are  quite  different,  M.  concentrica  having  a  thicker  shell,  with 
the  anterior  muscular  scar  much  more  distinct,  the  beaks  pro- 
j  ecting  less,  the  posterior  umbonal  ridge  and  median  depression 
both  lesser  features,  and  the  surface  markings  coarser.  The  out- 
line'of  an  undescribed  species,f  rom  the  base  of  theTrenton  lime- 
stone of  central  Kentucky,  agrees  even  better  in  its  general 
'  contour  with  M.  similis.  But  it  too  seems  to  be  distinct,  since 
in  it  the  umbonal  ridge  and  the  mesial  sinus  are  even  less  dis- 
tinguishable than  in  M.  concentrica. 

Because  of  the  exceeding  thinness  of  its  shell  I  would  place 
M.  Bimilia  into  the  same  section  of  the  genus  that  includes  M. 
cincinnatiensis  Hall  and  Whitfield,  M.  pulchdia  Ulrich,  and  M. 
aubtntncata  Ulrich.  These  are  all  widely  removed  from  M. 
modiolaris  Conrad,  the  type  of  the  genus,  and  in  some  re- 
spects are  nearer  Orthodesma,  Hall  and  Whitfield. 

FbrmaHonandloeallfv;— Raivln  the  middle  third  of  the  Trenton  Bh&les.  at  Ulnne- 
apolls.  Minnesota,  whore  the  llliiBtrat«d  BpMlnien  was  found  bv  Prof.  O.  W.  Qall,  of 
ifie  Slate  University,  who  kindly  gave  It  to  me  for  description, 

H0BI0L0P8I8  81IBELLIPTICA,  n.  sp. 


Shell  small,  elongate-elliptical  in  outline,  the  length  fully 
twice  as  great  as  the  breadth,  a  little  the  widest  anteriorly, 
with  the  dorsal  and  ventral  margins  sabparallel  and  both  gently 
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convex,  the  anterior  end  semicircular,  the  posterior  more  nar- 
rowly rounded  and  slightly  produced  in  the  middle.  Beaks 
small,  incurved,  projecting  but  little  above  the  hinge,  situated 
about  one-fifth  of  the  entire  length  from  the  anterior  extremity, 
Umbonal  ridge  slight,  running  close  to  the  dorsal  margin, 
.causing  the  central  part  of  the  dorsal  side  of  the  shell  to  be 
somewhat  flattened.  Sides  of  valves  moderately  convex,  with 
point  of  greatest  convexity  a  little  in  front  of  and  above  the 
middle. 

Casts  of  the  interior  show  a  sharply  defined,  ovate,  anterior 
muscular  scar,  which  must  have  been  bounded  on  the  inner 
side  by  a  strong  internal  ridge,  extending  downward  and  curv- 
ing forward  from  the  hinge,  atapoint  just  infrontof  the  beaks, 
to  the  lower  end  of  the  muscle.  The  posterior  scar  and  pallial 
line  are  not  distinguishable  in  the  material  at  hand.  The 
lower  and  anterior  parts  of  casts  exhibit  a  few,  obscure,  broad 
lines  of  growth. 

This  is  one  of  a  small  group  of  species  that  remind  one 
greatly  of  Cleidophorus,  Hall,  to  which  genus  they  might  be  re- 
ferred were  it  not  f6r  the  distinct  impression  of  the  anterior 
muscular  scar.  The  shape  and  size  of  the  present  species  is 
considerably  like  that  of  Cleidaphorua  consuetus,  described  in 
this  paper,  but,  aside  from  other  differences,  the  one  relating 
to  the  presence  of  a  muscular  scar  will  distinguish  them  at  once. 
I  know  of  no  descrioed  species  of  Modiolopsis  sufBciently  re- 
sembling this  to  necessitate  comparisons. 

FVirnuCton  and  lofalltM-'— Galeou  shales,  near  OaoDon  Falla.  Ulnnesola. 

H0DI0L0F8I8  COKCAVA,  n.  sp. 


^^ 


Fie.  I'i.  MiidlolnpitbMncam.  n.  Bp.o,  r1)chC  valve  of  the  nHtumlslzc;  b,  iind  e,  side  and 

donul  views  of  same,  x3. 

Shell  very  small,  elongate,  the  greatest  width  less  that  half 
the  length,  curved,  the  posterior  end  much  the  widest,  broadly 
rounded,  the  anterior  end  exceedingly  short  and  narrow,  con 
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tracted  beneath  the  beaks,  which  are  small,  compressed,  and 
project  but  little  above  the  hinge.  Height  of  post«rior  third 
about  two  and  one-half  times  as  great  as  at  the  beaks.  Dorsal 
side  gently  arcuate;  anterior  two-thirds  of  ventral  margin 
strongly  concave,  a  fact  due  in  a  great  measure  to  the  width  of 
the  sulcus  and  the  rapid  slope  of  the  surface  included  in  it. 
Umbonal  ridge  slight,  cardinal  slope  rather  strongly  convex. 
In  a  dorsal  view  the  anterior  half  of  the  shell  appears  com- 
pressed, yet  the  point  of  greatest  thickness  is  very  near  the 
middle  of  the  length. 

Surface  marked  simply  with  concentric  lines  of  growth.  In 
temal  characters  not  observed. 

This  peculiar  species  is  another  of  the  number  that  I  am 
referring  to  Modiolopsix  provisionally.  I  place  it  here,  first, 
because  it  seems  to  be  related  to  some  forms  of  the  M.  faba  sec- 
tion of  the  genus,  and,  second,  because  I  know  of  no  other  estab- 
lished genus  that  would  offer  a  more  fitting  placement. 

Formatiim  and  loenlttv'— tipper  third  of  the  Treaton  shales,  about  «li  miles  Houtbol 
Can Qon  Palls.  Ml 


OBTHODESIA  HINNESOTENSE,  n.  sp. 


PIc.  14.  lirtJuiiama  minmtnttixit.  n.  sp.  a  and 
the  iDterlor:  c.  dorsal  viev  at  anterior  third  ei 

Shell  small,  elongate,  subrhomboidal,  with  the  dorsal  and 
ventral  margins  nearly  straight  and  parallel;  the  length  two 
and  one  half  times  the  width.  Beaks  small,  incurved,  com 
pressed,  projecting  moderately  above  the  hinge,  and  situated 
about  one  fourth  of  the  entire  length  from  the  anterior  extrem- 
ity; posterior  umbonal  ridge  subangular,  cardinal  slope  abrupt, 
in  casts  of  the  interior  with  a  linear  impression  close  to  and  on 
each  side  of  the  hinge  line.  Anterior  end  small,  contracted  a 
little  in  front  of  the  beaks,  almost  uniformly  rounded;  posterior 
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end  oblique,  sloping  upward  and  forward  from  the  produced 
and  narrowly  rounded  lower  part. 

Interior  with  the  anterior  pair  of  muscular  scars  rather  dis- 
tinctly marked  and  large  ;  above  and  between  them  and  the 
beaks,  two  other  very  small  pairs  of  scars  are  to  be  seen  on 
the  specimeu  figured  above,  but  the  posterior  muscles  left  no 
appreciable  impressions.  Surface  of  casts  with  a  few  obscure 
folds  of  growth. 

This  species  is  related  to  O.  curvatum  Hall  and  Whitfield, 
though  more  nearly  approaching  0.  contractum  Hall,  in  the 
general  outline.  It  differs  from  both  in  having  the  posterior 
end  narrower,  and  in  wanting  the  strong  wrinkles  which  occur 
on  the  posterior  cardinal  slopes  of  those  shells. 

PoniuiMunandtocaWtf:— Middle  third  o[  tbe  Trenton  ahaleg.  St.  Antbony  Park,  St 


0RTH0DE8HA  8AFF0BDI.  n.  sp. 


dC  this  speciex.  iiai.  size.    Tlia  luigest  stKClnien  seeu  t^  at'least  onc-tblrd  larger. 

Shell  of  medium  size,  elongate,  trapezoidal,  widest  posteriorly, 
the  length  somewhat  less  than  twice  the  greatest  width  ;  hinge 
line  straight,  with  a  narrow,  concave  ligamental  area,  extending 
about  one-half  of  the  entire  length  from  the  anterior  extremity; 
ventral  margin  nearly  straight  or  slightly  convex,  forming  an 
angle  of  about  38  degrees  with  the  hinge  line.  Anterior  end 
narrow,  about  half  as  wide  as  the  posterior  part  of  the  shell,  its 
length  equalling  about  one-fifth  of  the  entire  length,  the  out- 
line erect  above,  subangular  where  it  joins  the  extremity  of  the 
hinge,  rounding  below  into  the  basal  line.  Posterior  end  wide, 
sharply  curved  and  produced  below,  more  gently  curved  and 
sloping  forward  in  the  middle  and  upper  thirds,  meeting  the 
extremity  of  the  hinge  line  without  forming  any  perceptible 
angle.  Beaks  small,  incurved,  somewhat  flattened  on  the 
umbones,  projecting  slightly  above  the  hinge  ;  umbonal  ridge 
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strong,  subangular,  traceable  generally  to  the  postero-basal 
margin ;  cardinal  slope  at  first  concave,  gradually  flattening 
posteriorly ;  with  a  distinct,  linear  sulcus  running  midway 
between  the  umbonal  ridge  and  the  dorsal  margin,  and  both 
above  and  beneath  this,  several  other,  but  more  obscure,  radi- 
ating lines  may  be  detected  ;  ventral  slope  flattened. 

Surface  of  the  shell  marked  strongly  with  rather  irregular 
and  unequal  concentric  lines  of  growth.  The  radiating  lines  on 
the  cardinal  slope  have  been  mentioned. 

One  of  the  specimens  preserves  a  considerable  part  of  the 
hinge.  It  is,  so  far  as  can  be  seen,  perfectly  straight  both  in 
front  and  behind  the  beaks,  and  without  teeth  or  thickenings. 
The  ligamental  area,  however,  is  rather  wide  and  concave. 
Muscular  impressions  unknown. 

,  This  species  is  wider  posteriorly  than  any  other  Orthodemna 
known  to  me.  In  the  general  outline,  excepting  that  the  beaks 
are  too  far  from  the  anterior  extremity,  and  the  hinge  too 
straight,  it  is  more  like  ModMopsis.  But  it  has  the  same  kind 
of  hinge  as  Ortliodesma  rectum  Hall  and  Whitfield,  the  type  of 
the  genus.  *  The  depressed  line  in  the  cardinal  slope  is  another 
feature  that  is  frequently  met  with,  especially  in  the  casts  of 
species  of  Ortliodesma. 

It  gives  me  much  pleasure  to  name  this  fine  species  for  Prof. 
Jas.  M.  Safford,  of  Nashville,  Tennessee,  as  a  slight  token  of 
my  appreciation  of  his  valuable  and  long  continued  labors  in 
American  geology. 

Formalian  and  localUti:- 

TrantonlorinatlOD.MMui , 

alent  U>  either  the  Chazy  or  the  lower  part  at  tt 

•Hall  and  WhltSeld  Bar.  In  tbeir  generic  description  (Pal.  Ohio.  vol.  11,  p.  03),  thikt  the 
hlnne  line  U  "oontracled  or  bent  beneath  or  anterior  to  them".  (.  e.  the  beske,  and  this 
supposed  feature  tber  relied  upon  cbletlT  In  dlBtlngulBhlnii  their  Eenus  fniin  Orf?Ki- 
noia,  Conrad,  Hut  XW»  supposed  Innding  or  contraction  of  the  hfoEe  line  does  not 
exist  III  U.  reefum  nor  In  U,  eun'oCum  or  Id  any  other  apecles  of  Orffioilaima  I^dowd  Io 
me.  Thp  evidence  bearing  upon  the  disputed  point  atrbided  by  my  col  lections  is,  at 
any  rate  In  the  two  apeoles  mentioned,  unequlviical. 


„Gooi^le 
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CTPRICAUDITE8  8ABDESUNI,  n.  sp. 


a,  gp.  a.  b  and  c,  lateral,  anterior,  and  dorsal  views  of  a 

Shell  of  the  medium  size,  known  only  from  casts  of  the  inter- 
ior, and  the  impression  of  the  hinge  and  free  margins  on  the 
limestone  matrix.  The  outline  was  subrhomboidal,  with  the 
cardinal  and  anterior  margins  nearly  straight,  and  the  two  lines 
forming  an  angle  of  about  62  degrees;  anterior  extremity  suba 
cute  or  sharply  rounded;  hinge  line  equaling  nearly  three-fourths 
of  the  entire  lengthj  postero-veotral  margin  broadly  rounded, 
almost  semicircular ;  above  this  the  posterior  outline  is  somewhat 
straightened  and  slopes  forward  rapidly,  meeting  with  the  car- 
dinal line  to  form  an  angle  of  about  135  degrees;  the  immediate 
junction  however  is  not  perceptibly  angular. 

In  the  casts  the  beaks  project  strongly,  are  nearly  terminal, 
pointed,  slighttv  incurved,  greatly  compressed,  and  somewhat 
twisted.  A  strong  sulcus  extends  from  the  beaks  to  the  antero- 
basal  part  of  the  cast;  this  sulcus  occupies  the  larger  part  of 
the  anterior  slope,  and  from  its  inner  side  the  umbonal  ridge, 
constituting  the  highest  portion  of  the  surface,  rises  abruptly. 
For  the  reasons  mentioned  the  anterior  slope  appears  flattened 
and  in'  part  concave,  while  the  posterior  is  almost  uniformly 
convex  to  the  margin.  Cardinal  slope  abrupt,  especially  near 
the  hinge. 
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>f  Cvpficnrdlta  lardaonl.  n.  sp,,asBliowii  In  ifutta-perchii 

Gutta-percha  impressions,  as  shown  in  fig.  17,  bring  out  the 
internal  characters  in  a  very  satisfactory  manner.  They  show 
a  wide  and  faintly  striated  ligamental  area,  two  lateral  and  two 
cardinal  t^eth,  both  pairs  strong  and  distinctly  crenulated  on 
the  sides.  The  cardinal  pair  are  considerably  curved,  and  the 
lower  one  forms  the  upper  boundary  of  the  very  sharply  im- 
pressed anterior  muscular  scar.  On  the  whole  the  hinge  im- 
presses one  as  being  unusually  strong.  The  posterior  muscular 
scar  is  large,  ovate.  douBle  or  prolonged  below,  and  but  faintly 


I  know  of  no  associated  species,  nor  of  any  now  referred  io 
this  genus,  that  is  at  ail  likely  to  be  confounded  with  0.  aardesoni. 

The  specific  name  is  given  in  honor  of  the  discoverer,  Mr.  P. 
W.  Sardeson,  of  Minneapolis,  Minnesota,  an  enthusiastic  col- 
lector and  a  promising  student  of  paleontology. 
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CIlPBICABDITES  OBTUSIFBONS,  n.  8p. 


Fill.  IS.  CjipriaiTdUa  obtiiMifrona.  a.  sp.  a.  and  b.  lutor&laad  anterior  views  or  a  gutla 

percba  Impi-essloii  of  thoexter' *  -  '-'■  — ' -  — '  ■*   ■'—"--  ■•■ -•  •' -■  "' 

the  [nterlocoCaamesbell;  all 


percba  Impi-essloii  ol  thu  exterior  of  a.  leFc  valve;  e,  und  d.  similar  viewa,  ol  tbe  coat  Of 


Shell  of  medium  size,  scarcely  vontricose,  oblique,  Bubovate, 
widest  and  broadly  rounded  posteriorly,  with  the  beaks  subter- 
minal,  small,  projecting  very  slightly;  umbonal  region  full,  but 
scarcely  distinguishable  in  the  general  convexity  of  the  surface; 
anterior  end  obtuse,  forming  nearly  a  right  angle  with  a  straight 
hinge  line,  the  junction  between  the  two  rounded;  posterior  and 
basal  margins  semicircular.  Surface  with  the  greatest  con- 
vexity in  the  ant«ro-dorsal  third,  the  cardinal  and  anterior 
slopes  more  gently  convex;  surface  markings  consisting  of 
rather  irregular,  fine  and  coarse,  sublaraellose  lines  of  growth. 

Casts  of  the  interior  with  the  beaks  large,  compressed, 
strongly,  incurved;  a  moderate  umbonal  ridge  and  sulcus  crosses 
the  casts  from  the  beaks  in  a  direction  nearly  parallel  with  the 
anterior  margin,  becoming  obsolete  before  reaching  a  point 
near  the  middle  of  the  basal  line.  Anterior  muscular  scar 
deeply  impressed,  rather  large,  partly  overhung  by  the  project- 
ing beak.    Posterior  sear  illy  defined. 
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The  gutta  percha  impression  illustrated  in  fig.  19,  was  pre- 
pared from  the  cast  of  the  interior  represented  by  fig.  18,  c 
and  d.  It  shows  that  the  hinge  plate  was  strong,  nearly  flat  in 
the  central  part,  with  three  strong  lateral  teeth,  and  two  small 
anterior  cardinal  teeth.  Just  in  front  and  beneath  the  latter  is 
the  large  and  strongly  impressed  anterior  muscular  scar. 

In  some  respects  this  species  is  tilte  C.  sardeaoni.  which  is  also 
associated  with  it  in  the  limestone,  but  a  comparison  of  the 
figures  here  given  of  the  two  species  will  show  so  many  striking 
differences  that  there  is  really  no  danger  of  confusion  between 
them.  Some  resemblance  is  also  to  be  noted  to  species  like  C. 
obtuHiis  Hall.  C.  mffordi  Hall,  and  C.  liaynianus  Safford.  but  they 
are  all  really  quite  different  internally,  and  in  having  the 
mnbones  more  prominent.  C.  niota  Hall,  occupying  a  similar 
position  in  Wisconsin,  is  likewise  to  be  compared.  It  is  a  more 
erect  shell,  and  differs  in  other  particulars  as  well. 

FVrnuif  j'lit  and  ('•rolfti/.'— Oulleoted  by  Prof,  O.  \V.  Hall,  or  the  State  DalTeraltf.  in  the 
upper  l>BdH  ut  the  Trenton  llnitslone.  Ht  Minneiipolla.  Minnesota. 

CYPRIGARDITES  6LABELLU8,  n.  sp. 


FlR.  so,  C)ipr(ear4itM.  ifitttMat.  a.  sp.    Lateral  and  anterior  views  at  a  rlshl  valve. 

Shell  scarcely  reaching  medium  size,  broad-ovate  or  sub- 
quadrangular  in  outline,  with  the  back  straight,  the  posterior 
margin  sloping  forward  in  the  upper  fifth,  straightened  and 
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neEU'ly  vertical  in  the  middle,  and  curving  forward  below  into 
the  broadly  rounded  ventral  margrin;  anterior  side  convex, 
short.  Beaks  small,  ihe  umlxinal  region  full,  very  slightly 
prominent,  with  the  line  of  greatest  convexity — not  sufficiently 
defined  to  be  called  a  ridge — extending  obliquely  across  the 
valves  from  the  beaks  toward  the  postero-ventral  edge;  point 
of  greatest  convexity  very  near  the  center  of  the  shell.  Cardi- 
nal slope  flat,  rather  abrupt;  between  this  and  the  undeflned 
Timbonal  ridge  the  surface  is  again  slightly  flattened;  anterior 
and  basal  slopes  gently  convex.  Surface  nearly  smooth,  near 
the  margins  marked  simply  with  a  few  lines  of  growth.  Inter- 
nal characters  unknown. 

The  outline  of  this  species  is  about  intermediate  between  G. 
ventricoaus  Hall,  and  C,  nioUi  Hall,  but  the  relations  between 
them  are,  I  am  satisfied,  quite  remote.  Both  those  species  are 
at  once  distinguished  by  the  greater  prominence  of  their 
umbones. 

Purmallnn  ami  loealtty: -Rare  to  Ihe  middle  third  of  tlie  Trenton  shales,  at  Ulnne- 
Bpulis.  Minn.    A  oast  ot  tbe  Interior  from  the  "Buff  lliatntone"  at  Beloit.  Wis.,  now 

Oetore  nie.  m&y  belonn  to  this  sp«cles. 

CIPKICARDITE8  CINGULATA,  n.  sp. 


Q.ap.    Lateral  and  anterior  vIewH  of  a  neurly  perfect 

Shell  scarcely  reaching  the  medium  size,  ventricose,  oblique, 
the  outline,  excepting  a  slight  prominence  at  the  postero-car- 
dinal  edge,  regularly  ovat«,  but  narrow  anteriorly  and  broadly 
rounded  posteriorly;  hinge  line  rather  short  posterior  to  the 
beaks,  slightly  convex;  beaks  ot  good  size,  strongly  incurved, 
projecting  well  above  the  hinge,  situated  one  fifth  Of  the  entire 
length  from  the  anterior  extremity;  umbones  prominent,  full, 
with  an  obtuse  ridge  or  line  of  greatest  altitude  running  from 
the  beaks  toward  the  postero-basal  side;  anterior  and  cardinal 
slopes  both  slightly  concave,  the  latter  descending  more  ab- 
ruptly.    Point  of  greatest  convexity  near  the  middle  of  a  line 
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drawn  parallel  with,  and  one-third  of  the  height  of  the  shell  be- 
neath the  hinge.  Surface  marked  with  very  fine  concentric  lines, 
easily  abraded,  and  distant  irregular  lines  or  wrinkles  of 
growth.  Shell  substance  thin.  Internal  characters  unknown. 
This  species  seems  to  be  rather  closely  related  to  Oj/rtodonta 
canadensis  Billings,  but  is  more  erect,  comparatively  higher 
posteriorly,  and  has  its  outline  more  produced  and  more  sharp- 
ly rounded  in  the  postero-cardinal  region.  C.  ventricosus  Hall, 
is  not  so  wide  posteriorly,  and  on  the  whole  has  a  different 
outline,  being,  besides,  more  ventricose.  C.  grandU  Ulrlch,  is 
a  larger  and  almost  circular  shell. 

Formation  aiidlucaittui—tHii'Xie  third  ot  tbe  Trenton  BhHies,  at  Hlnnenpolls.  Ulnne- 

CfFRlCilBDITES  SEBHANUil,  n.  sp.  or  rar. 


Fig.  a.  a  and  1>.  Cupricarditef  arrnutnuf,  nov.  nom.  b,  fragment  of  n  right  vb1v< 
siMcles  or  variety,  reslAred.  oat.  alie:  fk  Interior  of  same,  showing  th«  tbln  hli 
— '—  -   --■         ....   --jntly  Impressed  ■  ' "    '     -''  '    ' ' 


.rDftQvllle,Keu 


of  CvpHeardUa 


Of  this  form  I  have  several  fragmentry  shells,  none  of  them 
better  than  the  one  above  illustrated.  Ordinarily,  I  would 
not  consider  such  material  as  sufBcient  to  justify  description 
and  naming,  but  in  the  present  instance  it  has  seemed  right  to 
set  good  custom  aside.     The  specimens,   namely,    exhibit  a 
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striking  departure  from  usaal  Oypricardites  in  the  ^eat  projec- 
tion beyond  the  beaks  of  the  anterior  end  of  the  shell.  In  moat 
^>ecieB  the  anterior  end  is  very  short,— occasionally  the  beaks 
are  quite  terminal— but  in  G.  grandU  Ulrich  (Amer.  Geol.,  vol. 
6,  p.  387,  1890)  of  which  a  small  and  unusually  oblique  example 
is  illustrated  in  fig.  22,  c.  d,  and  e,  it  is  longer  than  in  any 
other  species  heretofore  described,  while  in  the  proposed  C.  ger 
manus  the  projection  is  comparatively  greater  yet. 

The  shell  in  C.  germanus  is  very  thin,  so  that  even  the  anterior 
muscular  impression  is  scarcely  recognizable,  the  hinge  too  is 
very  thin,  while  the  anterior  teeth  are  small  and  drawn  out  to 
an  unusual  distance  in  front  of  the  beaks.  Excepting  that  the 
teeth  are  less  curved  and  the  hinge  plate  less  expanded  where 
they  occur,  the  characters  of  the  form  are  not  greatly  different 
from  C.  grandis.  It  is  very  likely  merely  a  small  variety  of  that 
species.  Both  are  found  in  the  upper  beds  of  the  Trenton 
near  Danville,  Kentucky,  the  small  form  a  few  feet  higher  in 
the  series  than  the  large  C.  grandis.  I  have  seen  also  a  number 
of  internal  casts,  in  the  lower  part  of  the  Galena  limestone  and 
in  the  shales  immediately  beneath  them,  at  localities  in  Grood- 
hue  and  Fillmore  counties,  Minnesota,  that  may  belong  to  one 
or  the  other  of  these  forms,  but  they  are  all  too  illy  preserved 
to  admit  of  determining  their  relations  with  certainty. 


CYPfilCARDITES  TENELLU8,  ii.  si>. 


1,  CuprteanUta  teneUu*. 


n.  up.  n.  right  Tslyt   with  iitron?ly  marked  lines  of 
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Shell  of  medium  size  or  less,  moderately  ventricose,  not  very 
oblique,  subovate.  widest  posteriorly,  slightly  alate  and  sub- 
angular  or  sharply  rounded  in  the  postero-cardinal  re^on. 
Hinge  line  long,  slightly  arcuate;  posterior  margin  straightened 
in  the  upper  half,  broadly  rounded  and  produced  a  little  in  the 
lower  half;  ventral  margin  rather  strongly  convex,  and  most 
prominent  a  little  behind  the  middle;  anterior  end  more  or  less 
narrowly  rounded.  Beaks  small,  incurved,  projecting  moder- 
ately beyond  the  hinge  line;  situated  about  one-fourth  of  the 
entire  length  behind  the  anterior  extremity;  umbones  full,  promi- 
nently rounded.  Cardinal  slope  slightly  concave.  Surface 
marked  with  rather  fine  concentric  striae,  and  sometimes  with 
strong,  distant  lines  of  growth  as  well. 

Shell  substance  very  thin.  Hinge  plate  almost  linear  when 
compared  with  the  majority  of  the  species  of  the  genus;  with 
two  very  slender  posterior  lateral  teeth  in  the  right  valve,  and 
probably  only  one  in  the  left;  anterior  teeth  obscure  in  the  spe- 
cimen, consisting  apparently  of  one  or  two  slight  longitudinal 
folds  in  the  margin  of  the  shell.  Muscular  impressions  very 
faint. 

In  this  species  the  hingement  is  reduced  to  the  minimum  of 
strength  so  far  noticed  in  the  genus.  It  is  possible  that  this 
reduction  has  gone  beyond  the  just  limits  of  Oypricardites,  but  in 
view  of  the  fact  that  the  species  is  approached  in  this  respect 
by  C.  germanuK,  which,  as  well  as  several  other  undoubted  spe- 
cies of  the  genus,  as  now  understood,  it  also  resembles  in  the 
general  expression  of  its  shells,  it  did  not  seem  to  me  worthy 
now  of  greater  recognition  than  specific. 

C.  cingulata,  from  a  lower  horizon  in  the  shales,  is  a  more 
ventricose  shell,  with  the  umbonal  ridge  stronger,  and  the  out- 
line a  little  different,  being  longer  from  the  beaks  to  the  postero 
ventral  margin,  with  both  the  anterior  end  and  the  hinge  line 
shorter. 

Formation  and  localUg:  -  Upi»er  third  of  the  Trenton  Bbales,  about  six  miles  south  nr 
Cunnon  Falls,  MlnnciKita.  A  cost  ut  (he  Interior,  collected  by  Ur.  Wm.  H.  Suofleld 
fram  thelower  partor  tlieOaleDaLliiieHlone,BtWil(o)I.  Plltmorecountj,  probably  be- 

loiiiB  here. 
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Fig.  84.  Cuprltaiilttet.  niiui*.  n.  ap.  a  and  b.  Bide 


binge  of  a,  smitli  le 


hlDge  of  a  right 


Shell  small,  ventricose,  slightly  oblique,  the  outline  subcir- 
cular,  a  little  the  widest  posteriorly,  with  the  hinge  line  straight 
or  very  slightly  arcuate,  and  the  anterior  end  produced  a  little 
beyond  the  line  of  the  circular  curve  formed  by  the  posterior 
and  ventral  margins ;  height  and  length  respectively  as  five 
is  to  six ;  postero-cardinal  border  subangular.  Beaks  small, 
•  strongly  incurved,  projecting  well  atiove  the  hinge ;  situated 
about  one- fifth  of  the  entire  length  from  the  anterior  extremity  ; 
umbones  full,  prominent,  with  a  strongly  rounded  ridge  trace- 
able from  the  beak  nearly  to  the  postero-ventral  margin.  Car- 
dinal slope  rather  strongly  concave.  Surface  marked  with  fine 
lines  of  growth.  With  age  a  few  strong  marginal  wrinkles  may 
be  formed.      Shells  ubstance  thin. 

Hinge  of  moderate  strength,  considering  the  size  of  the  shell, 
with  two  anterior  teeth  in  each  valve,  the  lower  and  forward' 
one  forming  the  sharp  upper  boundary  of  a  narrow  and  hori- 
zontally extended  muscular  impression.  Posterior  teeth  not 
well  shown  in  the  material  at  hand;  probably  two  or  three,  and 
much  like  those  of  0.  haynianua  Safford. 

This  species  is  closely  related  to  G.  Iiaynianits  Safford,  a  com- 
mon species  of  the  Trenton  of  Kentucky  and  Tennessee,  but  is 
smaller,  more  ventricose,  with  the  outline  more  nearly  circular, 
the  beaks  less  neariy  terminal,  the  umbonal  ridge  stronger,  and 
the  shell  thinner.  It  has  also  only  two  instead  of  three  or  more 
antertor  hinge  teeth.  None  of  the  other  species  known  to  me 
are  very  closely  related. 

A  similar,  though  not  a  strictly  identical  species,  is  indicated 
by  a  cast  of  the  interior,  collected  by  Mr.  Wm.  H.  Scofield,  at 
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WykofE.  in  Fillmore  county  of  this  state,  where  he  found  it  at 
the  base  of  the  Oalena  limestone.  This  cast  belonged  to  a  lar- 
ger shell  than  has  been  noticed  of  C.  Tianus.  Its  outline  is  also 
a  little  different,  being  too  wide  posteriorly,  and  more  sharply 
curved  at  the  postero-basal  border,  while  the  beaks  are  more 
nearly  terminal.  In  short,  the  outline  is  more  nearly  like  that 
of  C.  haynianus  (see  fig.  25b),  slightly  longer,  perhaps,  but  I 
am  satisfied  that  it  is  distinct  from  Safford's  species,  having 
obviously  been  formed  by  a  thinner  shell  in  wfaicb  the  internal 
ridge,  which  is  always  present  in  his  species,  was  absent  or,  as 
is  the  case  with  C.  nanus,  too  illy  defined  to  leave  a  certain 
mark  on  the  casts. 

Fiirm/ttbinandUiealHj/:—The  nine,  more  or  le«8  doteotlve  specimens  of  tbts  specte* 
cuDtulned  Id  my  CBbluet,  were  collected  (rom  the  upper  beds  of  Ihe  TrenloD.  In  Heiccr 

county.  Kentucky. 


CYPRICABDITES  HA¥NIANII8  (I)  SalTonl. 

Ci/rtiidoiil'i  haiiniana  SArrOBD.  18«9.    Geol.  Tenn,,  pi,  F.,  flg.  1. 


FlK.  29,  Wprlairdlte*  haj/ntaniu  S&fford.  Upper  Trenton,  near  Danville,  Kentucky: 
a,  H  well  preserved  fragment  of  a  right  valve,  showing  the  anterior  part  of  the  hlogc. 
with  Its  tei-th.  the  rausi'ularlmprosBlou,  and  the  Internal  ridge:  b,  the  Interior  of  a 
smaller  right  valve  with  the  anterior  teeth  JiBpo'od  more  borliont&lly  thao  usual  In 
thIs-iiHiFles. 

-I  am  nearly  convinced  that  this  species  is  represented  in  the 
Galena  shales  of  Minnesota,  but  all  of  the  specimens  seen  by 
me  are  internal  casts,  and  none  of  these  are  sufficiently  well 
preserved  to  permit  an  unequivocal  determination  of  their  re- 
lations, The  internal  ridge  and  the  compressed  beaks  (they 
are  concave  on  the  inner  side)  required  by  casts  positively 
known  to  belong  to  the  species,  are  determinable  in  some  of 
the  specimens,  but  each  of  these  is  either  incomplete  or  has 
suffered  compression  in  the  shales,  so  that  the  original  shape 
of  the  shells  is  left  in  doubt.  Under  the  circumstances  I  thought 
it  well  to  call  the  attention  of  Minnesota  collectors  to  "the 
forms,  in  the  hope  that  some  of  them  may  find  better  specimens. 
Among  some  lamellibranch  shells  received  from  Mr.  Wm.  H. 
Scofield,  there  is  a  fragment  of  a  Oyprkardites  that  he  obtained 
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from  the  upper  third  oi  the  Trenton  shales,  at  the  locality  six 
miles  south  of  Cannon  Falls  that  has  furnished  so  many  Inter- 
esting shells  of  this  nlass.  This  specimen  consists  of  the  an- 
terior third  of  the  shell  itself,  showing  about  half  of  the  hinge 
with  three  anterior  teeth  and  a  muscular  impression  beneath 
them.  Every  point  that  is  preserved  corresponds  so  nearly 
with  fig.  25  a,  that  it  would  surprise  me  greatly  if  it  turned 
out  to  be  distinct  from  C.  haynianu)'. 


MATHERIA  RUQ08A,  u.  sp. 


Fill.  S6.  MaUieiia  ruwM.  ii.  sp  Kxteniul  und  li 
sren.  nat.  size.  Tbe  pmtlerlor  part  of  the  hine 
i>f  the  BKures  Ik  U>  be  regunJed  HI  h  restorutlon. 

Shell  large  for  the  genus,  trapezoidal,  widest  posteriorly, 
with  the  l>eaks  nearly  terminal,  small,  incurved,  projecting 
slightly  above  the  hinge;  a  strongly  convex  umbonal  ridge. 
Anterior  end  descending  abruptly  from  the  beaks,  below  round- 
ing sharply  into  the  nearly  straight  ventral  border;  posterior 
margin  produced  and  strongly  rounded  in  the  lower  half, 
obliquely  subtruncate  above  and  probably  forming  an  obtuse 
angle  at  the  junction  with  the  hinge  line;  the  latter  very  gently 
arched.  Surface  marked  with  strong,  concentric  wrinkles, 
and  finer  lines  of  growth.  Shell  substance  of  moderate  thick- 
ness. 
Hinge  plate  strong,  Hat  slightly  arcuate,  the  upper  half  of 
.  the  width,  posterior  to  the  beaks,  finely  striated  lengthwise. 
Cardinal  teeth  small,  situated  just  l^eneath  tbe  beaks,  directed 
toward  the  posterobasal  margin,  with  one  in  the  right  valve 
and,  on  each  side  of  it.  a  deep  socket  for  the  reception  of  the 
two  teeth  of  the  left  valve.  Anterior  muscular  scar  rather  dis- 
tinct, subclrcular,  situated  immediately  beneath  the  teeth. 
Posterior  extremity  of  hinge  wanting  in  the  specimen,  proba- 
bly ■yithout  teeth. 

This  species  is  almost  certainly  a  true  Matlteria,  a  genus  de- 
scribed by  Billings  for  a  single  species  occuring  in  the  Trenton 
rocks  of  Canada  and  Kentucky,  and  which  he  called  31.  tener.* 

•Can.  Siit.MndGeol..  K(1.3,  p.  «n.  IIW. 

-17 
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Several  other  "species,  as  yet  undescribed,  are  known  to  me 
from  the  same  rocks  in  Kentucky,  but  all  are  smaller  and  less 
wide  posteriorly.  M.  renera  has  the  dorsal  and  ventral  margins 
nearly  parallel. 

Fortnatbm  and  loc<itttH.'— trpi>er  third  ot  the  Trenu>n  shnles,  eIx   miles  south  nt 
Cuinan  FalU,  Hinnesats. 


I8CHTB0D0NTA  0TALI8, 


id  InMrnul  views  of  a 


Shell  small,  moderately  ventricose,  almost  regularly  ellip- 
tical in  outline,  with  the  greatest  width  and  thickness  midway 
between  the  ends;  width  and  length  about  as  two  is  to  three. 
Beaks  small,  situated  near  the  anterior  extremity,  compressed 
by  a  flattening  of  the  surface  which,  expanding,  extends  over 
the  greater  part  of;  the  ventral  slojie.  Edges  of  valves  meet- 
ing at  the'center  of  the  ventral  margin,  apparently  gaping  a 
'ittle  at  the  ends.  Umbonal  ridge  prominently  rounded,  cardi- 
nal slope  abrupt,  very  little  concave.  Surface  marked  with 
strong  tines  of  growth  and  a  few  finer  concentric  striae,  both 
inclining  to  be  iiTegular. 

Hinge  plate  arcuate,  widening  posterior  to  the  beaks, 
gi-ooved  as  for  the  reception  of^an  internal  ligament.  Cardinal 
teeth  two,  projecting  downward  and  backward  from  the  hinge 
plate,  which,  is  thin  at  this  point,  and^supported  by  an  internal 
process  that  seems  to  extend  up  into  the  cavity  of  the  beak, 
and  projects  on  each  side  of  the  teeth  so  as  to  give  the  whole 
the  appearance  of  a  quadrifld  tooth.  Anterior  muscular  scar 
rather  small,  occupying  the  anterior  extremity  of  the  shell. 

This  species  is  not  strictly  congeneric  with  the  types  of 
Iscliyrodonta  (Amer.  Gleol.,  vol.  6.  pp.  173-175),  but  there  is  no 
other  established  genus  known  to  ^me  offering  a  closer  agree 
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ment,  and  before  I  can  consider  the  erection  of  a  new  genus  as 
fully  justified,  I  wish  to  see  the  main  peculiartles  of  the  shell 
confirmed  in  other  species.  The  uncertainty  of  the  position  of 
the  species  is  increased  by  the'fact  that  it  might  be  referred, 
with  equal  propriety  perhaps,  to  the  genus  Matheria,  of  Billings. 
I  infer  therefore  that  we  are  dealing  with  an  undescribed  gen- 
eric type  having  somewhat  intermediate  relations  between  Atatk- 
eria  and  lachyrodonta. 


Ill  the  Tlclnltj  ot  Hprlng  Valley.  HIa 


PLGTUOCABDJA,  n.  gen. 

(PMho.  to  be  full;  karila,  heart.  In  klliulon  to  tbe  Bhftpe  of  Uie  qIobk4  valves.) 

Shell  thin,  inequilateral,  oblique,  tumid,  with  the  margins 
closed;  beaks  large,  prominent,  spirally  enrolled,  and  curving 
forward.  Cardinal  margin,  posterior  to  the  beaks,  with  a  nar- 
row, but  deep  escutcheon  or  lunette.  A  strong  and  large,  bifid, 
cardinal  tooth  projects  forward  and  downward  from  tbe  thin 
edge  of  the  straight  binge  plate;  one  strong  linear,  lateral  tooth, 
or  thickened  internal  cartilage  support,  beneath  the  posterior 
extremity  of  the  hinge  line,  and  close  to  the  margin.  Anterior 
muscular  scar  strongly  impressed,  situated  in  the  antero-dorsal 
angle,  margined  on  the  inner  side  by  a  curved  ridge  extending 
from  the  under  side  of  the  cardinal  tooth.  In  casts  of  the  in- 
terior the  filling  of  the  anterior  impressions  forms  a  small  but 
sharply  defined  lobe.  Posterior  muscular  scars  and  pallial  line 
unknown.     Type:  P.  umbonata,  n.  sp. 

The  shells  of  this  genus  present  considerable  external  resem- 
blance to  those  of  Whitella,  Ulrich,  As  a  rule  they  will  proba- 
bly prove  shorter,  more  erect  and  comparatively  more  ventri- 
cose.  I  believe  also  that  Whitella  offers  closer  afSuities  than 
any  other  genus  yet  known,  and  I  can  see  that  it  may  prove 
difficult  in  some  cases  to  distinguish  species  of  the  two  genera, 
when  the  internal  characters  are  not  available.  Of  course,  such 
difficulties  cannot  obtain  when  the  diagnostic  characters  of  the 
hinge  are  preserved,  since  the  strong  cardinal  tooth  of  Pletko- 
cardia  is  too  marked  a  feature  to  be  overlooked  in  comparing 
the  two  genera.  Good  casts  of  the  interior  even  are  easily  dis- 
tinguished by  the  presence  'of  the  small  lobe  beneath  and  in 
front  of  the  beaks  of  Plethocardia,  the  muscular  impressions  be- 
ing very  much  less  distinct  in  the  casts  of  Whitella.    In  tbe 
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posterior  part  of  the  hinge,  however,  the  two  genera  are  prac- 
tically the  same. 

It  is  possible  that  this  genus  represents  an  early  type  of  those 
heavy  and  otherwise  peculiar  shells  which  Zittel  has  embraced 
in  his  family  Megalodontidee.  A  general  resemblance  is  to  be 
noted  yet  I  doubt  very  much  that  any  true  relationship  existed 
between  them. 

PLETHOCARDIA   UMBONATA,  n.  sp. 


Fig.  IS,  PI«OioeanMaunWi(.nat<i.ii.  ap.aaodb.  iBMral .. 

<-.  Innersldeorsame.ihDwliijitliBBaeiitelieOD.  the  bifid  cardtD&l  tooth.  Huwriuc  >uiim:u- 
mpr«asLoD,  aad  the  Internal  rldge-llke  ililckenlngof  tbesbell  Just  within  the  piR- 


Shell  rather  small,  moderately  oblique,  strongly  ventricose. 
widest  posteriorly,  subovate  in  a  side  view.  Beaks  large,  very 
prominent,  inrolled;  umbonal  ridge  angular,  traceable  to  the 
postero-basal  margin.  Cardinal  slope  narrow,  rather  sharply 
defined,  concave.  Anterior  end  very  short,  nearly  vertical, 
rather  sharply  rounded  above;  dorsal  margin  arcuate,  graduat- 
ing into  the  posterior  curve;  the  latter  is  produced  slightly  in 
the  lower  part  and  quickened  as  it  turns  into  the  broadly  con- 
vex ventral  margin.  Surface  marked  with  concentric  lines  of 
growth,  some  of  them  strong. 

Escutcheon  narrow,  extending  backward  from  the  beaks  nearly 
lo  the  posterior  extremity  of  the  binge.  Cardinal  tooth  large, 
bifid,  projecting  obliquely  forward  from  the  lower  side  of  the 
hinge  line.  A  strong,  ridge-like  thickening  of  the  shell,  probably 
representing  the  support  of  an  internal  ligament,  occurs  just 
within  the  postero- cardinal  margin.  Anterior  muscular  scar 
situated  in  a  cup-like  depression  formed  by  a  curved  ridge  which 
proceeds  from  the  underside  of  the  cardinal  tooth,  and  the 
antero-cardina!  margin  of  the  shell. 

It  is  possible  that  this  species  is  not  distinct  from  the  Oijrto- 
rlonta  cordiformis  of  Billings.  His  figures  of  that  species  look  so 
much  like  the  Minnesota  shell  above  described  that  I  am  nearly 
satisfied  that  they  must  be  congeneric  at  least.     It  might  be  a 
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Whitella  but  it  is  not  a  true  Oyprkarditca.  Compared  with  P.  urn- 
boTuUa  it  appears  that  in  the  Canadian  shell  the  beaks  are  situ- 
ated farther  back  from  the  anterior  extremity,  the  umbonal 
ridge  is  rounded  instead  of  angular  and  the  outline  different, 
especially  that  of  the  posterior  end,  which  is  also  wider. 

IformfUionand  UiealUu ;— Upper  third  of  the  Trenton  shales,  tiii  inllesNOUth  af  ('annon 
FkUb,  Mtnoercls.    Oollectedby  Wm.  H.  acofleld. 

PLETHOCARDIA  SUBERECTA,  n.  sp. 


Shell  small,  but  little  oblique,  exceedingly  ventricose,  short, 
subelliptical  in  a  side  view,  with  the  dorso-ventral  diameter 
much  the  longest.  Beaks  very  prominent,  large,  strongly  in- 
curved, nearly  terminal,  umbonal  ridge  strong,  sharply  rounded, 
with  the  cardinal  and  posterior  slopes  very  abrupt,  and  nearly 
flat.  Anterior  end  very  short,  the  part  in  front  of  the  beaks  of 
casts  consisting  chiefly  of  the  sharply  defined,  lobe-like  filling 
of  the  anterior  muscular  impressions.  Anterior  and  posterior 
margins  gently  convex,  subparallel ;  ventral  edge  sharply 
rounded.  Hinge  line  short,  scarcely  extending  posterior  to  the 
umbonal  ridge,  as  seen  in  a  side  view.  In  the  casts  there  is  a 
depression  beneath  the  beaks  that  is  prolonged  on  each  side 
around  the  muscular  scar.  The  escutcheon  seems  to  have  been 
narrow,  but  the  internal  ligament  supports  at  the  posterior  end 
of  the  hinge  line  have  left  two  strong  grooves,  one  on  each  side. 

This  species,  though  clearly  congeneric  with  P.  umbonata,  is 
so  readily  distinguished  from  that  species  that  comparisons  are 
unnecessary. 
Formation  ajid  locoJUii.'— Qalena  shales,  near  Obdhod  Palls.  MlnoeBota. 
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WHITELLA  PBi)ClPTA  Ulrleh. 

WhIUHa  pnxclpta  ULiBICH,  isao.    The  American  Geologist,  vat.  vl.  p 


Fig.  ao.  ^nuteaa   vmxipta  rirk-h.    l.aMrHl  uid  cHrdlnftI  vlnwsof  uouturthi 


Shell  of  medium  size,  ventricose,  very  oblique,  elongate- 
ovate,  or  subrhomboidal  in  a  side  view,  produced  and  sharply 
rounded  in  the  postero-basal  region.  Beaks  of  moderate  size, 
prominent,  strongly  incurved,  umbones  full;  umbonal  ridge 
well  marked,  traceable  almost  to  the  posterior  extremity. 
Anterior  end  small,  very  short,  narrowly  rounded;  ventral 
margin  gently  convex;  posterior  end  produced  and  narrowly 
rounded  in  the  lower  part;  from  the  point  of  greatest  extension 
to  the  posterior  side  of  the  projecting  umbones,  the  outline  is 
gently  and  almost  uniformly  convex.  Hinge  line  compara- 
tively short,  its  length  less  than  halt  the  length  of  the  shell, 
the  edge  inflected  to  form  a  distinct  escutcheon,  extending 
somewhat  infrontof  the  beaks.  In  casts  of  the  interior  the  in- 
ternal cartilage  supports  hare  left  distinct  impressions  of  un- 
usual width,  on  each  side  and  behind  the  impression  produced 
by  the  escutcheon.  A  low  and  ubscurely  defined  ridge  is  also 
to  be  seen  running  through  the  middle  of  the  cardinal  slope. 
Anterior  muscular  scar  faint,  subovate,  acuminate  below, 
situated  very  near  the  anterior  extremity.  Jfallial  line  repre- 
sented by  a  thin  raised  line,  running  near  and  parallel  with  the 
margin  of  the  cast.  It  can  be  traced  from  the  anterior  scar  to 
the  impressions  of  the  internal  ligament  supports. 

This  species  is  very  similar  to  W.  obliguata  Ulrich,  from  the 
upper  beds  of  the  Cincinnati  group,  yet  I  do  not  doubt  that 
they  are  realty  quite  distinct  species.  That  'species  grows  to 
a  larger  size,  is  less  elongate,  wider  posteriorly,  with  the  beaks 
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and  umbones  smaller,  and  the  anterior  end  larger.  The  im- 
pressions of  the  internal  ligament  supports  also  are  very  much 
less  distinct. 

fV>rn)n(fon<iniIIoea<ttv.-~OuleiitiBhBlaH.  near  Cannoo  Fulls.  Mlnn{»otu.  i 


WHITELLA.  CONCENTBICA,  n.  sp. 


Shell  rather  beneath  the  medium  size,  oblique,  ventricose, 
widest  posteriorly,  trapezoidal;  beaks  large,  prominent,  in 
curved;  umbones  full,  with  a  sharply  rounded  ridge  or  line  of 
gibbosity  extending  backward  from  the  beaks  to  the  posterior 
extremity  of  the  shell.  Antenor  end  short,  narrowly  rounded; 
ventral  edge  very  gently  convex;  posterior  end  produced  and 
sharply  rounded  in  the  lower  half,  more  gently  convex  and 
sloping  forward  rapidly  above,  merging  gradually  into  the 
curve  of  the  dorsal  side.  Cardinal  and  posterior  slopes  slightly 
Concave.  Hinge  line  about  half  as  long  as  the  shell,  with  the 
edge  inflected  so  as  to  form  a  narrow  escutcheon,  extending  but 
little  if  at  all  in  front  of  the  beaks.  Internal  ligament  supports 
leave  a  distinct  impression  on  each  side  of  the  postero-cardinal 
margin  in  casts  of  the  interior.  Anterior  muscular  scars  dis 
tinct  though  faintly  impressed,  situated  in  the  antero-dorsal 
angle.  Surface  of  casts,  especially  in  the  lower  and  posterior 
parts,  marked  with  fairly  distinct,  rounded,  concentric  folds. 

The  concentric  marks  of  growth  are  stronger  in  this  species 
than  in  any  other  known  to  me.  It  is  shorter  than  W.  prtecipta 
more  ventricose  than  W.  ccmpressa,  and  has  much  fuller  um 
bones  than  W.  obliquata. 

FVirmnll'jHdiMilwnlUi/:— Middle  llilrd  of  the  Trenton  Blmles.  lit  KlnneupollH.MlDnesolu 
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CCNEAHTA  SVLGODORSATA,  n.  sp. 


^ 


b']g-3^  Canrami/aitileoioninta,ia.ap.   I«t«rul uad aaterlorvlewBorthety[>especliueii. 

Shell  small,  moderately  convex,  oblong,  subquadrate,  with 
the  dorsal  and  ventral  margins  subparallel  and  gently  convex, 
the  posterior  end  truncate,  very  slightly  produced  and  sharply 
rounded,  almost  angular  at  the  base;  anterior  end  very  short, 
narrowly  rounded.  Beaks  subterminal,  full,  decumbent, 
sti-ongly  incurved,  projecting  forward  rather  than  upward:  um- 
bonal  ridge  moderately  prominent,  not  angular.  Dorsal  slope 
with  a  distinct,  expanding  sulcus;  ventral  and  anterior  slopes 
gently  and  uniformly  convex.  Hinge  line  posterior  to  the  beaks 
long,  the  edge  inflected  so  as  to  form  a  well-marked  escutcheon. 
In  front  of  and  beneath  the  beaks  a  deep  lunule.  Surface 
marked  with  regular,  concentric  folds,  obsolete  on  the  cardinal 
slopes,  and  by  two  or  three  times  more  numerous  fine  striae, 
which  seem  to  have  extended  over  all  parts  of  the  surface. 

This  neat  shell,  though  seeming  to  be  a  true  species  of  Oti- 
neamya,  cannot  be  confounded  with  any  species  of  the  genus  so 
far  described. 

FnrniflllnnnndloeaEUv-'— Atthetopof  the  Hudson  Blver  group.  Spring  Valley.  Mtnne- 
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PUBLICATIONS  OK  THE  GEOLOGICAL  AND  NATURAL 
HISTORY  SURVEY  OF  MINNESOTA. 


I.    ANNUAL  REPOUTS. 
Thb  FiBBT  Annuai.  Report  nwun.   lis  pi>..Svo.:  wltb  it  oulured  laap  ottliestHte, 

Hr  If.  H.  WinrheB.    PuWIshod  Id  the  Regents'  Report  for  187*;  codUIqs  m  sketch  of 

ihe  geologr  of  the  etHle.  aa  Ihen  known,  and  a  Hat  of  earlier  reports.    Seoorid  edl- 

Mon  0881)  Identical. 
Tub  Sxoord  ANHCAt  Report,  poh  1873.    Its  pp..  Bvo.:  wltb  Illustrations.    By  K.H. 

fnnehtU  and  S.  F.  Perktiain.    PublUhed  In  the  Rexents'  Report  for  18T3.    Out  of 

Thp  TaniD  AHNBAf.  Bepobt  n)R  1874.  4Spp..  8vo.;  wltli  two  county  maps.  By  N.  H. 
trCncfKU.    Fablbbed  Id  the  BegentB' Report  for  UT4.    Out  of  print 

The  Foubth  Aannii.  Bbpobt.  for  187B.  IIBpp..  Sto.!  «lih  lour  county  mapg  and  ■ 
uumber  or  other  IlludtraUons.  By  S.  H.  WlndiOi.  SHtlsted  hy  It.  W.  HarrtmriON. 
Also  In  the  Regents'  Report  for  18^.    Out  ol  print. 

The  Fifth  Anhoal  Repoht,  poh  ISTB.  us  pp..  Svo.;  fonr  colored  mape  and  several 
citber  Illustrations.  By  iV.jr.  ITfru^ed;  with  reports  on Ohemlatry  by  S.  F.Frekham: 
Ornltholoity.  by  P.  /-.  Ilatai:  EntoinoloRy.  by  Alien  Whttnuin:  and  on  FudrI,  hy  A, 
E.JohJMm.    Also  In  tbc  Regents'  Report  for  ISTB.    Outot  prlnl. 

Tne  BiZTH  Anhujii.  Repoht,  for  IST7.  230  pp..  Svo. ;  Three  Keologloal  maps  and  several 
other  ItlustratlODB.  By  IV.  H.  WInelMl;  with  reports  on  Chemical  Analyses  by  8.  F. 
ftcWiom.-onOrDlthOloity,  by  P.  L.  Hotc/i;  on  EntomoloKy.  by  .,4IIim  Wl\ttman;  aaa 
on  Geology  of  Rice  county,  by  /,.  B.  Sperry.    Also  In  the  Beupnla'  Report  for  ISTT. 

TreSctIiiith  AnhvalRkpobt,  IUR187B.  123  pp.,  Bvo.;  with  twenty-one  plates.  By  ff- 
II.  WlacMl:  with  a  Field  Report  by  C.  W.  HaU;  Chemical  AnalyNls,  by  S.  F.  Peck- 
'lan.'Omttholosy.by  P.  L.  Hatch;  a  list  ol  the  planta  of  the  north  shore  of  Lake 
Superior,  by  B.  Junl;  and  an  Appendix  by  C.  L.  Berrirh;  on  the  Microscopic  Ento- 
iirowtraca  of  Hlnnenotai  twenty-one  plates.    Also  in  the  Regents'  Report  for  1878. 

The  EiObth  An nU a i.  Report,  iob  ItTS.  183  pp..  Bvo.;  one  plate  (Castoroldes.)  By  N. 
H.  iriRcAell.  Containing  a  statement  of  the  inetbodn  of  Mlcrosooplc  Llthotogy.  a 
illscusslon  of  tbe  Cupriferous  Series  In  Hlnoesota.  and  descriptions  of  new  xpeclea 
uf  brachlopoda  from  the  Trenton  and  Hudson  River  formations;  with  reports  on 
the  Geology  of  Central  and  Western  Minnesota,  by  Warren  rpham;  on  the  Lake 
Superior  region,  by  C.  W.  HaU;  lists  of  birds  und  of  plants  from  Lake  Superior, 
hyniotJiaiS.Roftert*,- Chemical  Analyses,  by  S.  F.  PecWiom,"  Report  by  P.  Ii.  Hdlrft." 
and  tour  Ape ^d lies.    Also  In  tbe  Regents'  Report  for  187V  and  18H0.    Out  of  print. 

TheNidtb  AnhdAL  Report,  pokISSO.  IIWpp.:  Bvo.;  three  Appendixes,  two  wood  cul 
llluetrallonsand  sl;(  plates.  By  X.  11.  Wtnriiea.  Containing  Held  descriptions  of 
US  crystalline  rock  samplea,  and  notes  on  their  geologk-al  relations  from  the 
northern  part  of  the  stale,  new  brachlopoda,  the  water  supply  of  the  Red  Blver 
valley,  and  simple  t«sts  of  the  quail tlesof  water;  with  reports  on  the  Upper  HI ssls- 
Hlppl  region,  by  O.  E.  QarrliOH;  on  the  Hydrology  of  Minnesota,  by  C.  M.  Trrm; 
i-n  the  Olaclal  Drift  and  Ibt  Terminal  Moraines,  by  Warrai  Cpham:  Chemical  Anal- 
ysea,  by  /.  a.  DoOot;  a  Hat  of  the  hlrOs  of  Mlnnenola.  bv  P.  L.  Hatch;  and  of  the 
winter  birds,  by  ThimuuS.  Rntmrt*.  Also  In  the  Reiients'  Report  for  18TB  and  1880, 
Out  of  print, 

Tbe  Tebtb  Anncal  Report,  fob  1881.  at  pp.,  8vo  ;  with  ten  wood  uut  Illustrations 
anJflfteen  plates.  By  !V.  H.  WInchra.  Containing  Beld  descriptions  of  about  four 
hundred  nxV  samples,  and  notes  on  their  geological  relations,  continued  from  the 
last  report,  the  Potsdam  sandiitone;  typical  tiln  sections  of  the  rocks  of  the  Cu- 
priferous Series ;  and  the  deep  well  at  the  "0"  Washburn  mill.  Minneapolis;  with 
Geological  notes,  by  J.  H  Kloat;  Chemical  Analyses,  by  J.  A.  Dodge;  and  papers  on 
Ihe  Crustacea  of  the  fresh  waten  of  Minnesota,  eleven  plalcs.  by  C.  L.  Htrrlek. 
Also  In  the  Regents'  Report  for  1881  and  1882. 
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The  EifVKKTB  ANKIIAI.IUPORT,  FOii1g82.  lit)  pp..  Rvo.,- with  tbree  woodcut  lilusin- 
llons  and  one  plate.  By  .V.  H.  TftntfteU.  ContalDlDB  a  report  on  tb«  HlnenUogy  of 
Mlonesota.  and  a  note  on  the  age  of  the  looks  ol  the  Heaabi  and  Vermilion  Iron 
dIstrlutB;  with  papers  on  the  cryxtalllne  rocke  of  Hluneflote.  by  A,  Strenpaad  J.  H. 
KbMi,-oQ  rock  outcrops  In  Central  Minn eaota  and  on  Lake  Agasslt,  by  ITiiiTeM  [.>• 
ham;  on  the  Iron  regloD  of  Northern  Minnesota,  by  AOitrt  H.  OtaUr;  Chemlml 
Analyaea.  by  J.  A.  VodtK;  and  an  Appendix  oontalnlnit  MlnnaBots  Laws  relating  to 
HInee  and  Mining,  abstracted  by  C,  L.  Herrirk.  Also  In  the  Regents' llepurt  tor  ISil 
and  ims. 

TBETwXLrm  Aknvai.  BBPOm.  iobIBBS.  Summary  report.  oont«1nln([  paloBOnlologl- 
t-'al  notes  and  a  paper  on  the  uomparatlre  strength  of  Mlanesota  and  New  England 
KranltM,  twenty-all  paaes.  by  ,V.  H.  IVIndMII.'  Hiial  report  ud  the  Crustacea  of  Min- 
nesota, Included  In  the  orders  of  Cladooera  and  Copepoda.  IKi  pages  and  30  platen 
by  C.  L.  Htrrirlc,  and  aoatalogueof  the  floraof  Hlnnesota,  19)  pages,  with  one  map 
showing  the  forest  distribution,  by  Wamn  Uphan.  Also  In  the  Regenla' Report 
rorlSeSandlSBt. 

The  Triktsbhth  Ahhuai.  Bbport.  rua  U8i,  1S6  pp  Ooologlcal  reconnolsances.  the 
Vermilion  Iron  ores,  the  crystalline  rocks  of  Hluneeota  and  of  the  Northwest,  the 
Humboldt  salt-well  !□  Kittson  county,  reoords  of  various  deep  wells  In  the  state, 
foaatls  from  the  red  quartzyte  at  Pipestone,  reports  on  the  New  Orleans  Exposltluii 
and  OD  the  General  Museum,  by  S.  H.  WlnditU;  Geology  of  Minnehaha  County. 
Dakota,  by  Wamn  [JpAom;  Chemioal  report,  by  Prof.  Jom.  A.  Dodoe:  Minnesota  (c«i- 
graphloa!  names  derived  from  the  Dakota  languaga,  hy  Prof.  A.  W.  n'ttUaiuaH  .- 
lDsects  Injurious  to  the  cahbage.  by  O.  W.  t)«itlund,- Geo  logical  notes  In  Blue  Earth 
county,  by  Pro!.  A.  I'.  BerhdoU;  and  un  a  fossil  elephant  from  Stockton,  by  Pn<1. 
John  HnMnger:  papers  on  the  Cretaceous  fossils  In  the  boulder  clays  In  the  North- 
west, by  Gturge  M.  Daw»an  and  by  K^ondunrd  and  Thonuiir.-  and  not«s  on  the  Hani- 
Dials  of  Big  Stone  lake  and  vicinity,  by  C.  L.  Htrrlclt. 

Thb  FoDRtbkhTh  Abhuat,  Bbpout.  rib  U8S.  ast  pp.;  two  plates  of  fossils  and  twv 
wood  cuts.  By  N.  H.  WftKhiU.  Containing  summary  report,  nol«B  on  some  drep 
wells  In  Minnesota,  descriptloaa  of  four  new  Hpeoles  of  fossils,  a  suppoaud  natural 
alloy  of  copper  and  silver  from  the  north  shore  of  Lake  Superior,  and  revision  of 
ilieetratlgruphyof  the  Cambrian  Id  Minnesota,  with  the  following  papers  byas- 
sIstBQts,  vis.:  List  of  the  Aphldldn  Of  Minnesota,  with  descriptions  uf  some  new 
species  by  O.  W.  <KilUana;  Keport  on  the  Lower  Silurian  Bryoioa.  with  prellnilnarr 
description.!  of  some  new  spct-les,  by  K.  O.  Vlrith ;  Ooncbologlcal  notes,  by  C  S. 
tirant;  Bibliography  of  the  Foramlnltera,  rei'ent  and  fossil,  by  AnOamy  n'uodimrrl. 

Thk  Futebhth  Anneal  Report  ior  ISM.  tS3  pp.:  Bvo.;  ISO  diagram  Illustrations  and 
sket^^bes  In  the  text,  and  two  colored  maps;  embracing  reports  on  obAervatlons on 
ths  crystalline  rocks  In  the  northeastern  part  of  the  state,  by  .Alenuidir  ITIncArll. 
N.H.  (TbuhetlandH.  v.  ITindielliOhenilcHlreporCby  Pm/.  J.  J.Dodpr;  addltlouni 
railroad  elevations  by  iV.  M.  WlneheU:  llstof  Minnesota  Keographlcal  names  derlvnl 
from  Che  Chippewa  language,  by  Rtc.  J.  A.  attjUlan.  and  notes  on  Ill^ul.  descrlbliis 
three  new  species,  by  Aug.  F,  Foen^,  Also  as  supplement  II  of  the  Regents  Report 
for  18ST-IS88. 

The  SixtHEbth  Annual  Ripor-t  rtm  IBST.  flOi  pp.,  Bvo.;  two  plates  and  S3  other  llluv 
tratlons.  Contains  reports  on  the  original  Uurunlan  area,  the  UarquetU)  Iron 
region,  on  the  Gogebic  and  Pcookee  Iron-bearing  rocks,  on  the  formations  of  nonb- 
ejkStern  Mlnne^la  itncludlng  the  physical  aspects,  vegetation,  quadrupedsand 
other  vertebrates),  the  geology  of  the  region  northwest  from  Vermillion  lake  lo 
Rainy  lake  and  ol  the  Little  and  Big  Tork  rivers;  also  not«s  on  the  Moll u scar 
fauna  of  Uliinesota, 

Thl  liEVENTCENTB  Annual  Repoht  FOH  11*68.  pp..  2)W;  9vo.;  ten  te\t  Illustrations. 
Contains:  Report  of  N.  H.  IFImtAcU;  the  crystalline  rocks  of  Minnesota  a  general 
report  of  progress  made  In  the  study  of  their  &eld  rclullons,  wllh  a  bibliography  uf 
recent  works  on  the  orystalllnE  rocks;  report  of  H.  >'.  WincftsU.  field  observations 
In  the  Iron  regions;  report  of  Vly,  S.  tirant,  geologleal  observations  In  northeosti-ru 
Minnesota. 

Thr  Eiobtbentii  Annual  Rei^bt  roK  ISSft.  Report  of  further  field  observallom.  In 
the  regions  of  the  crystalline  rocks  of  the  st*te  and  In  the  area  of  theorlglual 
Huronlan.  hy  .V.  rf.  irinrhrll.  and  a  review  of  American  opinion  on  (he  older  rocks, 
by  -Utranrter  H'inclieli,    Octavo,  pp.  234. 
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II.    FINAL  REPORT. 

ThbOiolOQV  OPHlicliCSOTA.  Vou  1  OF  THB  FiHAL  Bbpost.  1872^1882.  xlv  and  Hlf  pp 
quarto:  lllustrml«d  by  4B  pUMa  uid  S3  BgurM.  By  It.  H.  WituJita.  ksglal«d  hj  War- 
TtnVjilum.  CODtAlnlng  an  hlBtorlcel  akstob  otaxploraUotiB  and  *urve;K  In  MIn- 
neHoU.  LbB  generiil  pbysloal  features  ot  the  itste,  the  buIldlDg  Btoni«  add  the 
aeology  ol  Houston.  Wtnoua,  Fillmore,  Uower,  Freeborn.  Pipestone,  Rock  und 
HIce  opuntles.  by  IF.  H.  mncAeU;  theOeolocy  ol  Olmsted,  Dodfe  and  Sl«flle  coun- 
ties, by  M.  W.  Harrtnobmi  and  tbe  Geology  ot  Waseca,  Blue  Eartb.  Farlbuiili 
Watonvan,  Hartln,  Cottonwood,  Jaokson,  Hnrray,  Moblei,  Brown,  Redwood,  Yel- 
low Hedlolne,  Lyou.  LfDootn.  Big  Stone.  Lao  qui  Parle  and  Le  Sueur  counties,  by 
ITarrcn  Upftom.  Distributed  gratuitously  to  all  pobllo  libraries  and  county  audi- 
tors' offices  In  the  state,  to  other  stale  libraries  and  state  unlre'raltles.  and  to 
leading  geologLate  and  sclentlflo  sooletlaa ;  the  remainder  are  held  tOr  sale  at  tbe 
oost  of  publication,  •t.SO  i»er  copy  In  cloth,  or  |B  In  grained  half  roun  binding,  upon 
applloation  to  Prof.  N.  H.  Wlnohell,  Ulnneapolls. 

TBI  OEOurar  orHnmsOTA.  Voi- II  oftbi  FinAL  RaroBT.  I88S-1B8B,  xxlv  HndWSpp., 
ouarto:  Illustrated  by  tt  plates  and  a  figures.  By  2V.  H.  mneAell.  usslsted  by 
WarrVA  (7ji/iiHn,  containing  chapters  on  the  Qeologjrof  Wabasha.  Ooodhue.  Dakciu.- 
Hennepin,  Ramsey  and  Washington  counties,  by  S.  H.  trfnetell,  and  on  Carver. 
Bcott.  Sibley.  NlooUet.  HcLeod.  Renville,  Bwltt  Chlppera,  KAndlyuhl.  Ueeker, 
Wiight,  Chisago,  Isanti,  Anoka.  Benton,  dherburae,  8t«arns,  Douglas,  Fope,  Grant' 
BtevenB.WllkIn,TraTerBe,  Otter  Tall,  Wadena,  Todd.  Crow  Wing.  Horrlson.  Hllle 
Lnca.  Kanabeo,  Pine,  Beoker  and  Olay  ooouttea.  by  Wismn  I/pham.  Distributed 
according  to  law  In  tbe  same  manner  as  Tol.  I  above. 

111.    MISCELLANEOUS  PUBLICATIONS. 
I.    Cilicin.AB  No.  1.    A  copy  ot  the  law  ordering  the  survey,  and  a  note  asking  the  co- 
operation of  oltliens  and  others.    UTS. 

3.  Pbat  FOB  DoKBSTio  Fuv^   IBTt.    Edited  by  S.  f.  I' 
i.    itapOBT  or  TBI  Saia  Spbimo  Landh  Dubthi  BrAra  oi 

ufficlal  transactions  relating  to  them,  and  a  statenienl 
1874.    By  V.  H.  mnchcO. 

4.  A  CitTAi^oooB  ov  TBS  Pi,«HT«  Or  UiaKlsOTA.  Prepared  In  ISCS,  by  I.  A.  iMpham. 
uontrlbuted  to  the  Qeol(«lcal  and  Katural  History  Survey  ot  Minnesota,  and  pub- 
lished by  the  Btate  Horlloultural  Society  In  18^. 

s.    ClltCDl,AR  No.  2,    Relating  to  botany,  and  giving  general  directions  for  colleotlnx 

iDtormatlon  on  the  flora  of  the  state.    IKK. 
D.    OlBC[n.AB  No.  B,    The  establishment  and  organization  of  the  Museuni.    18TT. 
T.    ClRCin^Ut  No.  4.    Relating  to  duplicates  In  the  Huseuni  and  exchanges.      1878. 
8.    Tbb  BunoiiNo  Sromw,  Oi,ATe.  Lnns,  Ckmints.  Roonna,  FiuioaiNa  and  Pavino 

BtOHEB  or  HiKHBBOTA.    A  special  report  by  N.  H.  WlncheO.    1880. 

5.  ClRCiriiAli  No,  G.  To  Builders  and  Quarry  men.  Relating  to  the  collection  iif  two- 
Inch  cubes  ol  building  stones  tor  physical  teats  ot  strength,  and  fur  chemical  exHm- 
Ination.  and  samples  of  clay  and  brlok  for  the  General  Uuseum.    1880. 

10.  cucoLAaNo.  e.    To  owners  of  mills  and  unimproved  water-powers.    Relating  to 
tbe  bydrology,  and  water-powers  ot  Minnesota.    ISHO, 
IV.    BULLETINS. 
No.  I.    History  otGeologlcolSurveys  In  Ulnnesotu.    Kttt,    By  iV.  H.  Winclicll. 
?{o.  2.    Preliminary  Description  of  the  Peridotytes  Gabbros,  Diabases  and  Andes)  iva 

of  Minnesota.   188T.    By  Jtf .  K.  ICiidlunrfh . 
No.  a.   Beportot  work  done  In  Botany  In  the  year  1881-1887.    By  J.  V.  Arthur. 
No.  4.    AsynopBlsot  the  AphldldiB  at  Minnesota.    188T.    By  O.  H'.  (leiUund. 
No.  5.    Natural  Oas  In  Minnesota.     1880.    By  N.  U.  irmchcU. 
No.  8.   The  Iron  Oroii  ot  Minnesota.   Their  geology,  discovery,  development,  i|ualllleii 

and  origin,  and  comparison  with  those  of  other  Iron  districts,  with  a  leoloi;- 

Ical  map,  1»  flgurea  and  M  plates.    Octavo,  pp.,  430.    By  .V.  H.  iririrftrll  and 

B.  V.  fytnOult.    1801. 
No.  T.    The  Mammals  at  Minnesota.     C.  L.  Herrich.    In  presq. 
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